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Appearance And Anatomy 

1 Introduction 

Welcome to Dino 101, a course where you will learn about one of the most fascinating and successful 
animal groups to inhabit this planet ever, dinosaurs. Together, we are going to explore the many facets of the 
lives and behaviors or these incredible animals. We will learn about their anatomy, family trees, eating habits, 
predatory and defensive adaptations, and much more. In addition, we will put dinosaurs in context with the 
geological history of the planet. We will find out where they came from and what ultimately led to their demise 

1.1 Who Studies Dinosaurs? 

Let us start with the people who study dinosaurs. I am lucky to be one of them. We are Scientists called 
paleontologists. Although Scientists have been intrigued with ancient life for centuries, paleontology really came 
into its own in the 19 th century. The first paleontologists learned about dinosaurs by studying the 
fossilized bones they left behind. 

The word 'fossil' literally means 'dug up,' but more broadly, the word refers to any evidence of ancient life. 
Today we explore the lives and behavior of dinosaurs using many other techniques, including 
comparative biology and genetic analysis. Paleontology is a dynamic and vibrant science that utilizes all sorts of 
tools, from hammers and chisels to CT 1 scanners and synchrotrons. However, our best resources are the 
fantastic scientists, would have worked their entire lives to expand our knowledge of the greatest creatures to 
walk the Earth ever. I would like to introduce you to one of these paleontologists. 



Illustration 1 : Dr. Phil Curry 


Here is Dr. Phil Curry from the University of Alberta. He is at the 'Royal Tyrrell Museum of Paleontology' in 
Drumheller, Alberta. Let us listen in and hear what he has to say. 

It is an incredible experience to walk around museums like the 'Royal Tyrrell Museum of Paleontology, 'and 
wonder at the incredible skeletons of these dinosaurs. In this module, we will learn the basics of what a 
dinosaur is, and I emphasis is rather than was, because we still have thousands of species of dinosaurs living 
with us today. We just call them birds. 

However, let us talk about dinosaurs in the classical sense. They lived during a period of time called the 
Mesozoic Era, which started about 250,000,000 years ago and ended about 65,000,000 years ago. Dinosaurs 
were the largest animals that ever walked the Earth, magnificent animals by anybody's definition. Here are 
some questions immediately jump to mind about them. 

Were they the largest animals that ever lived? Were they all big? What makes a dinosaur a dinosaur 
anyway? In addition, how can studying fossils tell us about the diversity of their body forms, their diets, their 
physiology, and even how they interacted or behaved? You will learn the answers to these and many more 
questions as we work through this course together. 

Let us test your knowledge of what a dinosaur is. 


1 Computer tomography 
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Which of these animals are dinosaurs? 

There might be more than one correct answer, so check all you think apply. 

A) Dimetrodon C) Tiktaalik 

B) a Sauropoda D) Mammoth 

There is only one dinosaur here and that is the Sauropoda, therefore, B is the correct answer. 

None of these other animals are dinosaurs, even though they are extinct. I am going to explain what the 
word dinosaur means. 

The word dinosaur literally means terrible lizard, but to different people, dinosaur means different things. 
For example, many people have the misconception that any extinct large reptile is a dinosaur. Others will even 
include any large extinct animal including mammals, like mammoths and mastodons. However, to a 
paleontologist, the word dinosaur has a very precise definition, and this is based on very finickity, precise, little 
anatomical details in the skeleton. 


Illustration 2 : Air sinus in Gorgosaurus 

Therefore, if we look at the Gorgosaurus \nq can see, for example, in the skull, when you look in front of the 
eyes in the middle of the skull, there is a very large opening in the side of the face. That is an air sinus. In 
addition, that is one of many characters we look for when we look at extinct animals to see if they are 
dinosaurs or not. 


Illustration 3 : Dinosaur hind limbs 

Another major category in differences in dinosaurs is in the hind limbs. Basically, the earliest dinosaurs 
pulled their legs underneath their body, and by doing that they re-orientated everything in their legs, their hips, 
and their feet. As a paleontologist, all we have to do is look at the ankle of this animal, and we can tell that it is 
a dinosaur, because no other animal shares those characters, except, of course, their descendants, the birds. 
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Illustration 4 : Sir Richard Owen 


The British naturalist Sir Richard Owen invented the term 'Dinosaur' > 100 years ago. At that time, no 
complete dinosaur skeletons had been found. Only a few fragmentary specimens from a small number of 
different species where known. There was a jaw, a partial hip, and a few other bits and pieces from the 
large Theropoda Megalosaurus. There were teeth, vertebrae, and limb bones from the Ornithopoda Iguanodon. 
Finally, he had some ribs, incomplete shoulder girdles, and a small portion of skull and osteoderms from the 
Thyreophora Hy/aeosaurus. Each of these three dinosaurs had previously been described in the 
scientific literature, and each had been identified as some form of extinct giant reptile. However, Sir 
Richard Owen was the first to realize that all three showed an unusual combination of anatomical traits that 
suggested that they were all more closely related to each other than any of them were to any living reptile. 

Among the traits that Owen realized, the trio of bizarre prehistoric animals shared, were teeth that grew in 
sockets, like modern crocodiles, and erect limbs, like mammals and birds. These shared similarities, Owen 
reasoned, could not simply be coincidental. He put forward the hypothesis that Megalosaurus, Iguanodon, and 
Hy/aeosaurus belong together in a single natural group. He named that group the Dinosauria. 'Dino' is meaning 
fearfully great, and 'sauria' meaning lizards or reptiles. A great deal has changed since Owen coined the term 
Dinosauria. Our understanding of what makes an animal a dinosaur has been defined. The list of shared 
anatomical features that unites the Dinosauria has lengthened and improved. 

As we work our way through this module we are going to learn about the bones of the skeleton, what some 
of the important characteristics of dinosaur skeletons are, and how we can use skeletons to tell different types 
of dinosaurs apart. Almost everything we know about dinosaurs comes back to the fossilized bones. Bones are 
made of minerals, and because they do not rot away as quickly as muscle fiber, hair, or feathers, bones are 
more likely to fossilize than other body structures. In order to understand dinosaurs, you need to understand 
how skeletons are put together, and that is coming shortly. 

We look at the skeletons of dinosaurs in order to understand how many species there were, the adaptations 
in each species, and how ecosystems have changed through time. In this lesson, we will talk a lot about 
different kinds of dinosaurs, and their various adaptations, features, or traits, which serve particular functions 
and are the result of evolution. For example, let us look at a skeleton of a bird of prey. 

1.2 Adaptations 



Illustration 5 : Eagle skeleton 

Here is the skeleton of an eagle. Which of these three features do you think are 
adaptations? 

A) Wings C) Sharp talons? 

B) Large eyes 

In fact, all of these are adaptations and are the result of evolution. Wings enable an excellent form of 
movement, flight. Large eyes enable keen eyesight for spotting prey. In addition, sharp talons allow for the 
catching of elusive prey. 
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2 Size 



Illustration 6 : Leg of a Camarasaurus { part) 


Dinosaurs, of course, are considered by most people to be the largest land animals that ever existed. This is 
a leg of a Camarasaurus, and Camarasaurus is a really big dinosaur, but it is not the largest. There is no 
question that dinosaurs include some of the largest species of animals to walk on land ever. However, size is 
not necessarily understood by using words like the largest and the smallest. 

When we ask, what was the largest dinosaur, do we mean the heaviest 
dinosaur? 

A) The longest dinosaur B) The tallest dinosaur 

The Sauropoda, or longneck dinosaurs, includes the largest animal that ever walked the Earth. 

Which of these Sauropoda, do you think was the heaviest? 

A) Argentinosaurus C) Giraffatitan 

B) Diplodocus 

In this case, each of these animals could be considered the biggest, depending on what you are measuring. 

The tallest, relatively complete Sauropoda skeleton is from an animal called Giraffatitan, which is closely 
related to the more familiar Brachiosaurus, and stood about 12 meters tall. Giraffatitan achieved a 
record-breaking height, thanks to its long neck and unusually long front legs that put his head and shoulders far 
above even the more massive Sauropoda. 

The longest relatively complete Sauropoda skeleton is from Diplodocus and measures 25 m in length. A 
more fragmentary specimen of the closely related Seismosaurus was undoubtedly even longer, perhaps 
spanning over 40 m. However, both Diplodocus and Seismosaurus actually were lightly built for Sauropoda. 
Most of their length was accounted for by the relatively skinny necks and tails. 

Argentinosaurus is the heaviest Sauropoda known from a relatively complete skeleton. 

However, how heavy was it? 


SAuRQpans 



□ 


□ 


That is hard to say. Some estimates put Argentinosaurus at a whopping 100 metric tons. Nevertheless, any 
dinosaur weight estimate should be considered with a healthy amount of skepticism. In this case, the 100 tons 
estimate was an extrapolation based on comparison on the limb proportions of Argentinosaurus to those of 
large modern mammals whose weights can be measured directly. Therefore, A would the correct answer. 
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Understanding the real sizes of different dinosaurs is a lot trickier; because we do not have the 
living animals to measure or weight, and the fossilized skeletons really only include the bones. These skeletons 
are usually incomplete as well. We can make estimates about the length and the height based on those 
incomplete, or nearly complete, skeletons. Nevertheless, understanding how heavy the dinosaur was is a lot 
trickier, because the bones have been in-filled by minerals; therefore, they are too heavy. We do not have all of 
the skin, muscles, and organs of that dinosaur. 

Additionally, dinosaurs, like birds, often had extensive air sac systems throughout their bodies. In addition, 
that means that dinosaurs, like birds, had a lot more air inside those bodies than mammals do. That makes it 
difficult to equate the body weight of an elephant-sized dinosaur with an elephant, for example. 

However, not all dinosaurs were big. 

How small were the smallest dinosaurs? 

A) Smaller than a cow C) Smaller than a chicken 

B) Smaller than a dog 

The answer is smaller than a chicken. Although dinosaurs could be incredibly large animals, one should 
never forget that not all dinosaurs were gigantic. The majority of dinosaur species were not larger than the big 
land living mammals we see today (like rhinos, hippos, elephants, and giraffes). As time goes on, and we make 
new discoveries about dinosaurs, more and more small species are being found. There were many species of 
small plant-eating dinosaurs, and some of the smallest dinosaurs were meat eaters, smaller than 
modern chicken. 


3 Skeleton 


Most of what we know about dinosaurs, including how big or how small they were, comes from their 
skeletons. In order to understand dinosaurs, we need to learn how skeletons are put together. Luckily, we have 
a great learning resource nearby, and that is our own skeleton. 

Dinosaurs and humans have basically the same skeletons with all the same bones in the same places. They 
may be used for different purposes and, therefore, shaped in slightly different ways, but they are the 
same bones, because dinosaurs and humans belong to a group of animals called vertebrates, and we all have a 
common ancestor. 


3.1 Vertebra 

Humans are vertebrates, but to what do you think the word vertebrate refers? 


Only one answer is correct. Is it: 

A) Teeth 

B) Backbone 


C) Heart 

D) Legs 


The word 'Vertebrate' refers to the presence of vertebra, or the individual bones of the backbone. Vertebra 
is a line of bones that form the spine of fish, amphibians, reptiles, birds, and mammals. Therefore, B is the 
correct answer. 

We will talk about evolutionary theory and the evolution of dinosaurs in more detail in later units of this 
course. However, in order to talk about dinosaur anatomy, we need to know a little bit about the evolution of 
animals. Think about evolutionary relationships between animals as a branching tree. Like a family tree, with 
the most primitive ancestral forms at the trunk, evolving into more derived species on the branches. Dinosaurs 
belong to a branch called the Vertebrata, or vertebrate animals. 

Which of these animals do you think are vertebrates? 

A) Octopus C) Human 

B) Shark D) Snake 

All of these animals are vertebrates, except the octopus, which is a type of invertebrate related to mollusks. 
Sharks have cartilages rather then bony backbones. Snakes also have backbones, even though they lost their 
limbs over the course of their evolution. In addition, of course we humans have backbones as well. Therefore, 
the correct answers are B, C, and D. 


3.2 Skull 


All vertebrates have skulls and backbones, invertebrates have neither. Examples include insects, which have 
exoskeletons, and jellyfish, which have no skeleton at all. 
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The basic form of the vertebrate skeleton evolved more than 300,000,000 years ago. However, this form has 
been modified for numerous purposes, as animals have adapted to various lifestyles. The basic arrangement of 
bones in the body is similar among all vertebrates, because they evolve from a common ancestor. 

The shapes and proportions of bones can tell us a lot about what kind of vertebrate we are looking at, and 
what adaptations it has. It is easy to see the differences between the skulls of a living wolf, a mountain lion, 
and a harbor seal. Looking at the bones of modern animals helps us to understand what bone shapes mean in 
terms of function and adaptation. Let us start with the top of the skeleton, the skull. 

Rather than being a single bone, the skull is composed of many bones. Skulls come in a wonderful variety of 
shapes and sizes, that reflect adaptations for feeding and senses. You will not need to know all of the bones of 
a skull, but you should be familiar with the general layout and some of the important features. 

The openings for the eyes are called orbits, and the openings for the nose are called nares. Other openings 
in the skull are called fenestra, which means window. These are important for distinguishing between 
major lineages of vertebrates. 


Illustration 7 : Coyote skull 

Skylls'of mammals, like this coyote, have only one fenestra behind the orbit, located here, with this being 
the orbit. They have no fenestra in front of the orbit. Also located at the front of the skull are the nares. 


.-Illustration 8 : Tyrannosaurus skull 

.However, this small Tyrannosaurus skull has two holes behind the orbit: the first one being the 
supratemporal fenestra, and the other one the laterotemporal fenestra. Moreover, they also have one in front of 
the orbit, with the orbit being here, and this one is called the antorbital fenestra. In front of the skull are the 
nares. 


The brain is housed in a box called the brain case, with openings for nerves that send messages to the rest 
of the body, including the spinal cord. Teeth can be found in the upper and lower jaws. 


- 14- 







Dinosaur Paleobiology 


3.3 Backbone (Spinal Column) 



Illustration 9 : Edmontosaurus vertebra 

Your backbone, or spinal column, /is composed of many small bones called vertebra. This is the 
dorsal vertebrae of an Edmontosaurys. Each vertebra has a disc like centrum and many prosthesis for 
muscle attachment. You can see the hole where the spinal cord fits. 

The vertebra in your neck is different from the ones in your back. The vertebra in your pelvis fused to the 
hipbones to form a solid structure. Although we do not have tails, tails are composed entirely of vertebra. 



Neck vertebra are called cervical, back vertebra are called dorsal, hip vertebra are called sacral, and 
tail vertebrae are called caudal. Ribs articulate with the vertebra. Mammals are unusual, because we do not 
have ribs in the rear portion of our body, but dinosaurs had ribs all the way to the pelvis. 

3.3.1 Gastralia 



Illustration 11: Location of the gastralia 

Another difference between mammals and dinosaurs is the presence of gastralia, or belly ribs, which are not 
found in mammals. The shapes of vertebra represent adaptations for flexibility and posture. 

Your arms and legs connect to the rest of the body via the limb girdles, the shoulder girdle and the hips or 
pelvic girdle. The shoulder blade, or scapula, is where your shoulder socket is located. The hip socket is called 
the acetabulum. 
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3.4 Limbs 

Now we know about the arms, legs, shoulders and hips, but let us think about the adaptations and functions 
of limbs. The shapes and proportions of bones in our body can represent adaptations to our environment. 
There are many kinds of adaptations we can see in arms, legs, shoulders, and hips. The most important of 
these are adaptations for moving around. For walking, running, flying, swimming, or jumping. 

Was a particular dinosaur a fast runner, or a slow plodder? Did it fly or swim? 

Looking at the limbs will help you answer these questions. We can also look at the arms and legs to help us 
understand a dinosaur's place in its ecosystem. 

Did it have sharp claws or grasping hands? 

Then it might have been a predator. 

Did it have long legs? 

Then it might have been a really fast runner. 

3.4.1 Arm Bones 

As we mentioned, the bones of different animals may take different shapes, but the same kinds of bones will 
be present. For example, here we have a human and a Tyrannosaurus arm. The main bones of the human arm 
are labeled. 


Which bone on the Tyrannosaurus atm is the ulna? 








The same arm bones are present in both humans and Tyrannosaurus. There are some obvious differences. 
The Tyrannosaurus arm is much bigger, and it has only two main fingers, compared to our five. Flowever, the 
underlying structures of the humerus, radius, ulna, and metacarpals are shared. Although dinosaurs and 
mammals are not closely related, a human arm has the same bones as those of a Tyrannosauroidea. 



Illustration 12 : Right arm of Tyrannosaurus rex 


This is a cast of the right arm of a Tyrannosaurus rex. The upper bone is called the humerus. It corresponds 
exactly to the location and function of the humerus in our arms. It supports two bones on the forearm: radius, 
and ulna, which in turn are attached to the wrists. The bones in the palm of the hand and the fingers are 
exactly the same as we find in humans, even though this dinosaur is missing a few bones. Over the course of 
evolution, the two outer fingers in Tyrannosauroidea became smaller and smaller, eventually disappearing 
completely. We can see the same thing happening to the middle finger, which is represented by a small 
thin bone in the palm of the hand. 

The proportions and shapes of the Tyrannosauroidea arm bones are a little bit different from those in the 
human arm. In particular, Tyrannosaurus rex had large claws on the fingers, whereas humans have replaced 
the claws with fingernails. Differences in the numbers, sizes, and shapes of bones help us to differentiate 
one species from another. 
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3.4.2 Leg Bones 



Illustration 13 : Leg bones of Tyrannosaurus rex 

We are looking at the leg bones of Tyrannosaurus rex. However, it does not matter which dinosaur we look 
at, because the leg bones are basically all the same in vertebrates. We humans have the same bones in our 
legs as well. The upper leg bone of Tyrannosaurus rex, which is the same one in my leg, is called a femur. The 
two lower leg bones are known as the tibia and fibula. If you have ever broken your leg, most likely you broke 
your fibula. The anklebones are small and support the longer ones in the sole of the foot. Like humans, this 
dinosaur has five toes represented in its foot. The inside toe, or first toe, is small and does not touch the 
ground, three toes, the second, third, and fourth, support the animal's body weight. The fifth, or outer most, 
toe were lost, although it is still represented by a splint like bone in the sole of the foot. Like most dinosaurs, all 
Tyrannosauruses walked on their toes, and the soles of their feet were elevated off the ground. 

4 Saurischia 

Now that you have a better understanding of the different types of bones that make up a skeleton, let us 
take a look at how we can differentiate dinosaur groups by using our understanding of skeletal anatomy. 
Dinosaur skeletons come in many shapes and sizes, and we can use features of the skeleton to divide dinosaurs 
into smaller and smaller groups. If we keep doing this, eventually, we can get down to individual species, and 
be able to tell them easily apart. 

The first major division of dinosaurs is based on the shape of the pelvis. These two groups are called the 
Saurischia, or lizard-hipped, dinosaurs, and the Ornithischia, or bird-hipped, dinosaurs. Somewhat confusingly, 
we will learn later in the course that birds evolved from the lizard-hipped dinosaurs. 



/ Illustration'll : Dasp/etosaurus pelvis (Part view) \ 

Let us take a look at a ..Set of .dinosaur hips. All dinosaurs have three pairs of-.bones that.make up their 
pelvis. This here is a Daspietosadrus pelvis. As you know, Dasp/etosaurus is one of the Tyrannosabrojdea, and 
Tyrannosauroidea have the.-very typical Saurischia dinosaur hip arrangement. This is the-front of the hi'ps here 
and the back of the .hips here. In between the two sides of bones, you have the vertebral column. The 
vertebral column is fysed together, and it forms what we call the sacrum. The sacrum is, in turn, also fused or 
attached to the iliufri, depending on which animal you are looking at, and this whole structure, of course, is 
designed to support the great weight of the Tyrannosauroidea. 
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Illustration 15 : Dasp/etosaurus pelvis (Ischium) 

The upper bone, the ilium, is the largest bone in the body, and when you look at the muscle attachments on 
the ilium, you can see that there is a concentration of muscle attachments at the front, which go to the front of 
the leg, and pull the leg forward, and another concentration at the back, which attached first to the tail, but 
also down to the back of the leg to pull the leg backwards. The ischium is a smaller bone beneath the Ilium, it 
goes down and back, and it also is useful for attachment of muscles and orientating muscles in 
particular directions. In particular, in Tyrannosauroidea you see a very large muscle scar right there. 



Illustration 16 : Dasp/etosaurus pelvis (Pubis) 

The pubis is the last bone. It goes down and forward, and it is very distinctive in Tyrannosauroidea, because 
it has this huge boot on the bottom, partially for muscle attachment, partially for supporting the weight of the 
animal when it is squatting on the ground. The pubis is very different in Ornithischia dinosaurs. That is, because 
the muscles rearrange themselves, because they are not moving in the same kind of way, and, therefore, in an 
Ornithischia dinosaur the pubis reorientates itself so that it is back beside the ischium. That is one of the 
easiest ways to tell an Ornithischia dinosaur from a Saurischia dinosaur. 

Can you tell if Stegosaurus is an Ornithischia or a Saurischia dinosaur? 



Illustration 17 : Stegosaurus skeleton 

Now here is a familiar beast. This is the skeleton of a Stegosaurus. The location of its hipbones is quite clear. 
In this Stegosaurus skeleton, the pubis and ischium both point backwards. That makes it an 

Ornithischia dinosaur 
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Illustration 18 : Sauropoda skeleton 


Here we are back at the 'Royal Tyrrell Museum of Paleontology.' The Saurischia, or lizard-hipped, dinosaurs 
can be divided into two major groups. The first are the Sauropoda, or the long neck dinosaurs. As we 
mentioned before, Sauropoda were the largest land animals that ever lived. Sauropoda had long necks and 
tails, and walked on four legs. Their limb bones are thick and look very much like columns. Their vertebrae are 
complex, and many of them have cavities inside for air sacks. Their skulls were small compared to the rest of 
their body, and their teeth were simple and peg like. 



Illustration 19 : Theropoda skeleton 


The other group of Saurischia dinosaurs was the Theropoda, and the Theropoda were a highly diverse group 
that included both carnivorous dinosaurs and other forms, including some omnivores and some herbivores. 
They included huge species like Tyrannosaurus rex, and small species like the Dromaeosaurus, their living 
representatives are still with us today, and right now, they are probably flying through your backyard. 

All Theropoda dinosaurs walked on their hind legs. Carnivorous forms, of course, had very sharply pointed 
teeth, but some forms actually lost their teeth; they had toothless beaks. Theropoda dinosaurs, generally, had 
three clawed fingers, but some, like Tyrannosaurus rex, lost a finger, therefore, they only had two fingers left. 
Some really weird Theropoda dinosaurs, such as Sciurumimus, had lost all fingers but one, and they had a 
single, well-developed claw. 

Now, Theropoda are very diverse in lot of ways. Some have very long snouts, some have very short snouts, 
some had horns over the eyes, and some had horns over the nose. Different parts of the bodies changed 
depending on what the function was required for the habits of those dinosaurs. 

4.1 Plateosauridae 

Sauropoda and Theropoda are the two major groups of Saurischia dinosaurs. However, there is a third, 
shorter lived and less diverse group, the Plateosauridae. Plateosauridae were an early group of plant eating 
dinosaurs and were much smaller than their giant Sauropoda cousins were. Dinosaur size is relative, and some 
Plateosauridae still measured over 10 m in length and weighed over 3 tons. Like Sauropoda, Plateosauridae had 
small heads and long necks. Many Plateosauridae also had grasping hands and the ability to stand and walk 
only on their back feet. Although, at the beginning of the 'Age of Dinosaurs/ Plateosauridae were 
highly successful, the group had a short reign, and was soon replaced by more advanced 
herbivorous dinosaurs. 
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Which dinosaur is mostly related to modern birds? 

There is only one correct answer, so make a considered decision. 

A) Triceratops C) Corythosaurus 

B) Giraffatitan D) Tyrannosaurus 

Even though a Tyrannosaurus is far larger than any living bird, it belongs to the same group of dinosaurs as 
modern birds do, Theropoda. There are many differences between Tyrannosaurus and birds, but they do share 
some characteristics. Both possess feathers, at least at some point in their growth. Both are bipedal, and both 
have hollow bones containing air sacs. Therefore, D is the correct answer. 

5 Ornithischia 

The second major group of dinosaurs is the Ornithischia. There are two key traits that distinguish all 
Ornithischia from Saurischia. 

1. Ornithischia have a hip with a pubic bone that points backwards. Sometimes, the 
backwards pointing pubis on an Ornithischia dinosaur does have a projection that points forward. 
Nevertheless, these forward projections are usually short; therefore, do not let them confuse you. 
Recall that the backwards pointing pubic bones of Ornithischia resembles those of birds. However, 
this similarity is actually an evolutionary convergence indicating no close relationship. Birds belong 
among Saurischia dinosaurs, not among the Ornithischia. 

2. The trait that distinguishes Ornithischia is a special bone in the lower jaw, called the predentary. 
No other animals have one. 

All Ornithischia were herbivorous. Both of their key traits were adaptations to a vegetarian lifestyle. The 
predentary bone helped to form a cropping beak in the front of the mouth. This beak gave Ornithischia a tool 
for slicing off plant stems. In addition, this allowed the teeth in the back of their jaws to become specialized for 
grinding and chewing. Even with such teeth, plant matter is difficult to digest, and their backwards pointing 
pubis gave Ornithischia the extra belly room that they needed for a large digestive tract. 



Illustration 20 : Predentary in the lower jaw of Ornithischia 

The Ornithischia dinosaurs were all herbivores, and the group can be subdivided into five main lineages. 
First group includes the duck-billed Hadrosauridae and their earlier relatives, the Iguanodons, and a variety of 
small somewhat nondescript plant eaters. The Iguanodons and Hadrosauridae evolved complex dentations for 
shearing and grinding plants. Moreover, the Hadrosauridae also had a very broad beak. Ornithopoda started off 
as bipeds, but the larger Hadrosauridae probably walked on all four legs most of the time. The Iguanodon had 
a characteristic spiky thumb, whereas the Hadrosauridae basically had a hand that was encased in a mitten of 
skin. Some Hadrosauridae had elaborate crests on the top of their skulls, while others had flat heads. 

5.1 Ornithopoda 

Ornithopoda are defined as bird-hip dinosaurs that typically walk on two legs and are herbivorous. 

Which of these animals are Ornithopoda? 

More than one answer might be correct, therefore, check all of those you think are right. 

A) Edmontosaurus C) Triceratops 

B) Iguanodon D) Tyrannosaurus 

The correct answers are A and B. 

Ornithopoda are typically bipedal herbivorous dinosaurs. Edmontosaurus and Iguanodon were both 
Ornithopoda. Tyrannosaurus was a carnivore, and Triceratops had large horns and walked full time on its 
four legs. 
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5.2 Ceratopsia 



Illustration 21: Chasmosaurus skull 

The second groups of Ornithischia dinosaurs are the Ceratopsia. This group includes the iconic Triceratops. 
These were four legged dinosaurs. They had relatively short tales, when you compare them to other dinosaurs. 
The frill at the back of the head was made up of bones from the back of the skull that becomes very elongated. 
Moreover, in the illustration above you almost see the extremist form of it. They are very distinctive. In 
addition, on the frills you will see that you can develop little horns, spikes, frills, etc. It is a way that they can 
tell each other apart. 

Many of the Ceratopsia also had horns over their eyes. In the case of Chasmosaurus, there are just 
little bumps, but it has an elaborate long horn over the nose. Unlike the ductile dinosaurs, these animals had 
very narrow skulls, and the beak at the front was more like a parrot's beak. However, the teeth still had 
elaborated into banks of teeth for chewing and crushing plant material. The older forms of Ceratopsia do not 
have quite as elaborate frills and horns as these later forms. Still, they do have frills and they have the same 
kind of beak. 

Pachyrhinosaurus is a common dinosaur found in Alberta and Alaska. Its defining characteristic is a 
bony mass called a boss. Pachyrhinosaurus had a nasal boss over its nose and another over the eyes called the 
super orbital boss. 

However, was it a Ceratopsia? 



Yes! Pachyrhinosaurus was still a Ceratopsia, as it had a large frill and parrot-like beak. Sure, it does not 
have proper nose and eye horns, but that alone does not exclude it from the group. Even within a single group 
of dinosaurs, there is a lot of variation, and we need to look at multiple characteristics to decide what group a 
specific dinosaur belongs to. Even if an animal may be missing a common feature, like horns, it may still belong 
to that group. 

5.3 Pachycephalosauria 

The third group of Ornithischia dinosaurs that we are going to talk about is the dome-headed dinosaurs, or 
the Pachycephalosauria. These dinosaurs are very intelligent looking little animals, because they have a 
high domed skull. 
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Unfortunately, for them, the brains are not very big. In fact, most of the depth of that skull is solid bone, 
and we know that these dinosaurs probably used those domes as way of recognizing each other; therefore, 
they could identify which species of dome-headed dinosaurs with they were hanging out. They may have also 
been used as battering rams. When the males were competing for females, for example, they would probably 
hit each other either on the top of the head or on the sides of the body. 



Illustration 22 : Pachycephalosaurus skeleton 


The skeletons are relatively primitive looking. They do not have really long legs; therefore, they are not 
very fast. Unfortunately, the skeletons are also quite fragile; we do not tend to find many specimens with 
complete skeletons. This is probably the most complete skeleton that was found in 1920, and for > 50 years, 
this was the only skeleton we had of this dinosaur. 

5.4 Stegosauria 



Probably just about, everybody has heard of Stegosaurus, the iconic representative of our fourth group of 
Ornithischia, the Stegosauria. Stegosauria walked on all four legs, although their front legs were quite a 
bit shorter than their back legs. The skull was very small compared to the rest of the body, and it was long and 
low. Their teeth were leaf-shaped, and they had a very narrow beak. The most distinguishing character of 
Stegosaurus is the plates, or spikes, along the back. These are formed from a special type of bone that forms in 
the skin, and it is called osteoderms. Stegosauria had large, plate-like osteoderms along the back, whereas 
earlier Stegosauria had spikes. Stegosaurus itself has a long tail, and at the end of the tail are a series of 
spikes. 

For this quiz, identify each dinosaur that belongs to the Stegosauria group of 
Ornithischia. 

Check all the answers you think are correct. 

A) Spinosaurus C) Stegosaurus 

B) Ouranosaurus D) Anodontosaurus 
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C is a Stegosauria, specifically a Stegosaurus. Although the others like Spinosaurus and Ouranosaurus had 
sails along their backs, these solid sails were very different from the individual plates or spines along the back 
of Stegosaurus. In Anodontosaurus, which is an Ankylosauria, well, we will be talking about that dinosaur group 
next. 

5.5 Ankylosauria 



Illustration 24 : Ankylosauria skeleton 

The fifth, and final, group of Ornithischia dinosaurs is the Ankylosauria, or the armored dinosaurs. Like the 
Stegosaurus, they had osteoderms. Instead of just having a row of osteoderms on top of their backs, 
Ankylosauria were covered in osteoderms of many sizes and shapes. Ankylosauria walked on four legs and had 
round, rather fat bodies. In fact, this one looks like a coffee table. Their skulls were very blocky, teeth were 
very small and leaf-shaped. In some, but not all Ankylosauria, the end of the tail was modified to form a 
tail club with the huge osteoderm at the tip. 

Okay, so now we have examined the two main branches of the dinosaur family tree: the Saurischia and the 
Ornithischia. We have also talked about the two groups of Saurischia, and the five groups of Ornithischia. Let us 
move one from dinosaur skeletons to outward appearances. 

6 Appearance 

Museums do not just display skeletons. They often display paintings of what the dinosaurs looked like in 
their environments or fully fleshed out 3D-models of the dinosaurs. The question is how do paleontologists take 
a few dry bones, a little bit of information, and turns those into fleshed out, very colorful, very often detailed, 
animals that try to give us an understanding of what they were like when they were alive. 

Dinosaur fossils usually consist of only the bare bones. Bones are hard, mineralized structures that rot away 
slowly. Muscles, organs, and skin decay quickly and seldom fossilize. However, under the right conditions, 
paleontologists do get a rare glimpse of a dinosaur's soft anatomy. 



Illustration 25 : Dinosaur footprint 

Footprints are natural molds of dinosaur feet. Usually dinosaur tracks provide nothing more than the 
sloppy outline of the dinosaur's toes. However, sometimes tracks are so well-preserved that they include 
impressions of the scales from the sole of the dinosaur's foot. 
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Illustration 26 : Mummified Hadrosauridae 

In very rare cases, entire dinosaur bodies, skin, and all were buried by mud soon after death, and 
skin impressions formed before the flesh had time to rot away. Sometimes true fossils of the skin, not just 
molds, can form. We refer to dinosaur skeletons with lots of associated skin as mummified. These are 
rare specimens with large regions of the skin hanging off the bone. Mummified dinosaurs were first found in 
Wyoming in 1910: they were Hadrosauridae. These specimens gave paleontologists their first good views of 
what dinosaurs looked like in the flesh. 

6.1 Integumentary Structures 


Illustration 28 : Velociraptor. feathered or non-feathered? 

Then, of course, there are feathers. We have discovered many fossil dinosaur feathers. Here are 
two illustrations of one of the most famous dinosaurs, Velociraptor. 

Which of these do you think is more scientifically accurate? Is it the 
non-feathered Velociraptor, or the feathered Velociraptor! 

In this case, the one with the feathers is more accurate. Recent fossil finds of dinosaurs with feathers have 
lead to the understanding that many dinosaur groups, not just birds, had feathers. 


Illustration 27 : Keratinous bristles on the back of Psittacosaurus (Reconstruction) 


Claws, beaks, hair, and feathers are composed of keratin. Keratin is harder than flesh, but it still 
decomposes much faster than bone and rarely fossilizes. Again, rare conditions are needed to preserve a record 
of these integumentary structures. Often the discovery of these structures in a dinosaur fossil reveals an 
adaptation that we would never have guessed for a dinosaur to have. For instance, a specimen of 
Psittacosaurus, a small and older relative of Triceratops, has been found with fossilized remains of tall, 
keratinous bristles along its tail. No one is sure what the function of these bristles was. 


Psiitacosaurus 


- 24- 


















Dinosaur Paleobiology 



Illustration 29 : Fossilized bird f *•. 



These are two .fosSli birds from the Early Cretaceous of China, arid-.they.are quite remarkable-specimens in 
number of .ways'.' First of all, because they are so complete. Here is a skull, neck, main part of the body, wing, 
and the leg of one bird. 



Illustration 30 : Preservation of the keratinous nail 


The remarkable thing is that, at this site, things preserve in a very different way. Therefore, if you go to the 
claws on the hand of the wing, right here, there is a slight discoloration in the rock, and that is the preservation 
of the keratinous nail, fingernail, of this bird. That makes these claws incredibly sharp, just like they were in the 
living animal. 



Illustration 31 : Preservation of feathers 


What is also remarkable, though, is the fact that the feathers are preserved. You can see the longer feathers 
as impressions, mostly, behind the wing. However, closer to the body, you can see the downy feathers and the 
contour feathers that are around the body. We can see the bones in between, because the feathers do not 
cover the whole body. That is a preservational thing in this site, which consists mostly of lakebed deposits of 
fine-grained silts; you have volcanic ash mixing in with the silt, and the volcanic ash is very good, because, like 
the mud, it preserves details very well. However, it also alters the chemistry of the water. Therefore, whereas 
things like the fingernails and the feathers would normally be destroyed by decomposition by bacteria, the 
bacteria cannot live in this kind of circumstance. As long as the feathers are sandwiched between two layers of 
sediment, sediment above and sediment below, the feathers preserve as a corona or halo around the outside of 
the body. That gives us a very good understanding of what these birds look like. 

Here is a tough question. 
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Based on the current fossil record, which of these dinosaurs should probably be 
drawn with feathers? 

Check all the answers you think are correct. 

A) Tyrannosaurus C) Velociraptor 

B) Stegosaurus D) Edmontosaurus 

Velociraptor should definitely be drawn with feathers. Tyrannosaurus probably should be, too. Although we 
have no direct evidence of feathers in Tyrannosaurus, we have good evidence showing the ancestors of 
Tyrannosaurus had feathers. Moreover, it is likely that Tyrannosaurus kept these adaptations. Therefore, A and 
C are the correct answers. 

Are we certain that Stegosaurus and Edmontosaurus did not have at least 
some feathers? 

No. However, the fossil skin impressions that we have for both these animals, and their close relatives, gives 
no indication that they did. 

6.2 Skin Impressions 



Illustration 32 : Skin impression 

Although many Theropoda dinosaurs are known to have feathers, there are also many dinosaur skeletons 
that preserve scaly skin impressions, like the one I have here. We find scaly skin most often in Hadrosauridae, 
and there are many amazing specimens preserving large skin impressions. 

We have so many Hadrosauridae with skin impressions, that he paleontologist Phil Bell, formally of the 
'University of Alberta,' has described the differences in scale patterns between two closely related species of 
Hadrosauridae, Sauro/ophus osborni from North America and Saurolophus angustirostris from Mongolia. We 
also know that Ceratopsia had scaly skin. Although we do not have as many examples as we do for 
Hadrosauridae. Ankylosauria, Stegosauria, and Sauropoda also have scaly skins. The only group for which we 
do not have any skin impressions right now are the Pachycephalosauria. 

6.2.1 Osteoderms 



Illustration 33 : Plate from the back of a Stegosauria 

We are going to talk a little bit more about Ankylosauria and Stegosauria for a moment, because their skin is 
so different. Ankylosauria and Stegosauria both have bones called osteoderms, which means skin bones. I have 
an example of an osteoderm from a Stegosauria here. That is because these are bones that are formed 
completely within the dermis, which is the lower layer of the skin. We do not have anything like this in our 
bodies. All of our bones are internal. Some modern animals have osteoderms, like armadillos, crocodiles, and 
some lizards, like the Gila monster. Although they might look similar, turtle shells are not osteoderms, and they 
form through a different process. 
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Osteoderms are what Ankylosauria and Stegosauria give their spiky appearance. They form the giant plates 
on the back of the Stegosauria, the spikes on the Stegosauria tail, the knob of bone at end of the 
Ankylosauria tail, and all of the small and large spikes on the Ankylosauria. Some of the Sauropoda also evolved 
osteoderms, and these were huge growing. 

Extra bones uses up a great deal of energy. Why might osteoderms be a good 
thing to have? 

Check all the answers you think might apply. 


A) 

Storing Ca 

C) 

Protection from biting and clawing 

B) 

Gathering heat from the sun 


predators 



D) 

To look good 


All of these are possible functions of osteoderms, therefore, each of these answers are correct. In 
most cases, osteoderms were protective. They shielded their owners from predatory attacks. Some dinosaurs, 
Sauropoda are a possible example, may have used osteoderms as a repository for Ca. We will look at this 
adaptation later in the course. It is also been suggested that some osteoderms, which were covered with skin 
or with blood vessels, may have functioned like solar panels and helped to absorb heat from the Sun. Finally yet 
importantly, dinosaurs with large and dramatic osteoderms, like Stegosaurus, may have flaunted their 
osteoderms as display structures, using them to attract mates or intimidate rivals. 

Let us take a moment to recap some of what we know about dinosaur skin and structures in or on the skin. 
We know that many dinosaurs had scaly skin, and that some Theropoda had feathers. A few dinosaurs had 
some unusual bristle-like structures, and finally the Ankylosauria, Stegosauria, and some Sauropoda had bones 
in their skin called osteoderms. All of these features, scales, feathers, bristles and osteoderms, are called 
integumentary structures. 

6.3 Colors 



Illustration 34 : Plausible reconstructions of Sinosauropteryx 

Before we finish this lesson, let us talk about dinosaur colors. Until just a few years ago, most of these 
reconstructions of Sinosauropteryx would have been plausible. Feather colors are not preserved in 
fossil feathers; therefore, they could have been any color, for all we knew. 

Flowever, in modern birds, feather color is influenced by the shape and arrangement of pigment cells called 
eumelanosomes 2 . We know that in modern birds, long and narrow Eumelanosomes correspond to black and 
gray, while short and wide eumelanosomes correspond to brown and reddish-brown. White feathers had no 
eumelanosomes. We also know that iridescence or glassiness, like the shiny black feathers of crows and ravens, 
corresponds to narrow eumelanosomes aligned in the same direction. 


Melanosomes are all pigment organelles, but there are different types of melanosomes, depending on what pigment they contain. 
Eumelanosomes are a type of melanosomes that contain eumelanin, which is the type of melanin (pigment) that produces black, brown, 
and yellow colors. The other type of melanosomes found in fossils is phaeomelanosomes, which contain Pheomelanin, which is the pigment 
that produces reddish colors. 
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Illustration 35 : Archaeopteryx 


So far, paleontologists have been able to figure out the feather colors of a few species of 
Theropoda dinosaurs. By studying evidence of their Eumelanosomes, the Theropoda Anchiornis was black and 
white with some reddish-brown in its head. The four wings Dromaeosaurus Microraptor was glossy black, and 
our Archaeopteryx, like this one I have here, had at least some black feathers. Understanding fossil 
feather colors is such a new field of study that we do not yet know of any fossil feather that were blue, green, 
or red. However, this does not mean that they did not exist. 

How do we know what colors dinosaurs were? 

Here are some pictures of Sinosauropteryx, the feathered dinosaur from China that we talked about earlier. 

Given the evidence that paleontologists have gathered so far, which of these 
drawings do you think is most plausible? 



A) Green with white spots C) Red-brown with white stripes 

B) Black with red stripes D) Brown with blue highlights 

The most plausible coloration for this dinosaur is C, since evidence for other colorations that include green, 
blue, and red does not exist yet. While we are learning more and more about feather color through the study of 
eumelanosomes, we still do not have any clue as to what color dinosaur skin might have been. 

7 Muscles 



Illustration 36 : 'Bone room' of the 'Royal Tyrrell Museum' 


Here we are in the collections area of the 'Royal Tyrrell Museum of Paleontology.' The bone room is a great 
place for us to see how soft anatomy in dinosaurs is interpreted. 
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Like skin and integumentary structures, we have evidence of other soft tissue preservation. For example, in 
a coprolite, or dinosaur dropping, that was found in 'Dinosaur Provincial Park' from a Tyrannosauroidea, we 
have the remains of muscle fibers. There is a magnificently well-preserved dinosaur from Italy, which includes 
the cartilaginous tracheal rings still preserved in the throat, and muscle fibers at the base of the tail. However, 
our best evidence for soft anatomy comes from looking at the bones themselves. 



Illustration 37 : Upper arm bone of Tyrannosaurus rex with striations 

For example, if we look at this upper arm bone from a Tyrannosaurus rex it is not very big, even though this 
animal weighed about 8 tons. This bone had very powerful muscles attached to it. We can see these striations 
where the muscles attach to the bone, itself. In some areas, there are very large scars on the bone, which is 
where the muscles attached, and we can see that those were powerful muscles for manipulating the arm. 



Leg bones are very similar in that there are muscle scars everywhere in the leg bones. In this case, we are 
looking at a femur, or upper leg bone, from another Tyrannosauroidea. You can see the head of the femur here 
and near it, there is a very large crest, and this crest behaved like a lever. The muscles were attached to this, 
and they helped move the leg in very powerful forward motion, in this case for this dinosaur. 


Now we understand what muscles attached to where in these bones, because we have living representatives 
of the dinosaurs in both birds and crocodiles. Birds are the descendants of dinosaurs; crocodiles are the 
second cousins of dinosaurs. If we find that same muscles attached to the same points on the same bones, in 
both birds and crocodiles, we can infer that those were the same muscles attached to those points in these 
dinosaurs. 


Although muscle attachment points are conservative in living vertebrates, their positions and capabilities can 
vary, because their lines of action change as the shapes, proportions and orientations of the bones are modified 
in different groups of vertebrates. The jaw muscles of Tyrannosaurus, for example, are relatively short and 
broad, and attached to the lower jaw in a way to maximize the power of the bite. Tyrannosaurus was capable 
of biting right through the bones of their prey. 
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Illustration 38 : Triceratops ilium and hip with faulty parts due to a Tyrannosaurus attack 

This Triceratops ilium a net..-hip basically provides a graphic example showing how strong the jaws of 
Tyrannosaurus rex were. These jagged breaks here were caused when the teeth and jaws of Tyrannosaurus bit 
right through the bone, and took that part of the bone away. 



Illustration 39 : Triceratops ilium and hip with Tyrannosaurus bite marks 

These holes are places where the jaws drove the teeth into the bone, but they did not break the bone, and 
they pulled the teeth out again. This particular tooth hole is so deep that, if you pour rubber into it and pull out 
the rubber after it is dried, you get a perfect replica of a Tyrannosaurus rex tooth. 'Stanford University' did a 
series of experiments with this specimen, and they were able to show that the amount of power that had to be 
generated to do this much damage to this bone clearly showed that Tyrannosaurus rex had the strongest bite 
of any animal, living or dead. 



Illustration 40 : Jaws of Tyrannosaurus rex (left) and Giganotosaurus (rig ht) \ 

Giganotosaurus had a much longer skull and lower jaw than those of Tyrannosaurus rex. That-is because the 
back of the skull had extended further backwards, so that the jaw muscles, which attach right here, could be 
quite a bit longer than those of Giganotosaurus could. The longer jaw muscles meant that it did not have a bite 
as powerful as Giganotosaurus, but it could close its jaws much faster. 

Well, we have covered a lot of material in this module on appearances and anatomy. You have learned 
about dinosaur sizes, bone arrangement, the main dinosaur families, integumentary structures, colors, and 
muscles. Everything we have learned so far has its origins in the study of fossilized dinosaur remains. 

Nevertheless, what is fossilization? Where did these fossils come from? How 
are they excavated and prepared? 

These are some of the questions we will be looking into, in the next lesson. 
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8 Learning Objectives 

8.1 Appearance And Anatomy 

In this course, you will explore the anatomy, ecology, and evolution of one of the grandest and 
most fascinating animal groups ever to walk the Earth. The study of dinosaurs is a subdivision of the branch of 
science known as paleontology. 

Paleontology is the study of all prehistoric life. A paleontologist's knowledge of all prehistoric life comes 
primary from fossils. A fossii is any preserved evidence left behind by a prehistoric organism. The word fossil 
means 'dug up' and fossils are usually objects or structures found buried in ancient rock formations. 
Dinosaur fossils include footprints, eggshells, coprolites (fossil poop), and, in rare instances, even skin and 
feather impressions. However, most dinosaur fossils are bones. Bones are partially made of minerals, which do 
not decay as easily as flesh and other soft tissues. For this reason, bones have a much greater chance of being 
preserved as fossils, and a dinosaur paleontologist needs to know a great deal about bones. 

8.1.1 Describe Sizes Of Dinosaurs By Comparing Modern Organisms To 
Dinosaurs 

Although the most well-known dinosaurs tend to be enormous, multi-ton animals, dinosaurs actually came in 
a wide variety of sizes. Although birds are the smallest dinosaurs that we know of, we still have many examples 
that were no larger than a house cat. For example, the small dinosaurs Microraptor and Fruitadens were 
probably < 1 m long as an adult and weighed > 1 kg. 

One possible reason people may think dinosaurs are larger than they are is, that they are often 'inflated' in 
pop culture. For example, many people know of the large, predatory Veiociraptor from the 'Jurassic Park' 
franchise. However, in reality Veiociraptor was about the size of a dog or a turkey, not a human. 

Some of the biggest dinosaurs were truly enormous though. Many of the long-necked Sauropoda dinosaurs 
were bigger than any land animal today, and the only living animals that come close to them in size are whales. 

8.1.2 Identify Major Bones And Bone Types In Dinosaur Skeletons 

Adaptations are traits that have evolved to serve specific functions. Bones are adaptations that help animals 
to survive by serving four major functions. 

1. Bones passively resist gravity and maintain an animal's form. When you stand up straight, the 
bones in your legs act like support columns. Your leg bones support your weight, without your 
muscles needing to actively flex and expend energy. 

2 . Bones provide a ridged framework for muscle attachment. Raise your right hand high over your 
head. When you do, you can feel muscles in your shoulder flexing. The bones in your 
shoulder girdle provide a solid anchor against which your shoulder muscles can pull, and 
long bones in your arm allow it to move as single stiff unit. 

3 . Bones provide protection and can also be major components of horns and other robust weapons. 
For example, your skull bones form a natural helmet that protects your brain - a delicate organ 
that could be seriously damaged by an impact with an unexpectedly low doorway or 
rouge baseball. 

4 . Bones store mineral reserves. Often the resources that an animal needs to grow and develop are 
plentiful at one time, and rare at another. During times of plenty, animals may store a valuable 
mineral resource, such as Ca, by growing a new bone deposit or by increasing the density of 
already existing bone. Later, during a time when the resource is scarce, the animal may gain 
access to stored minerals by reabsorbing some of its bone. 

Dinosaurs belong to a group of animals known as vertebrates (and so do you). Vertebrates are animals that 
have two special kinds of skeletal adaptations: skulls and vertebrae. 

Vertebrae are structures made primarily of bone and/or cartilage that surround a portion of the spinal 
nerve cord. Together, vertebrae interlock with each other in a series, and form the vertebral column. Fish, 
amphibians, turtles, snakes, birds, and mammals are all examples of vertebrates. 

The first vertebrates were aquatic animals that evolved over 500,000,000 years ago. Animals that lack 
vertebrae are called invertebrates and include animals like insects, spiders, snails, squids, clams, jellyfish, and 
worms. Since the origin of animal life, there have always been many more species of invertebrates than 
vertebrates. However, vertebrates are more numerous when it comes to species of large animals. This success 
is probably related to the vertebral column's ability to support weight passively, and to anchor 
enlarged muscles. 
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8.1.2.1 Skulls And Jaws 

The skull is not a single bone. Rather, the skull is made up of many bones that are tightly locked together. 
More than any other part of the skeleton, a skull can give a paleontologist great insight into a dinosaur's life. 
The upper and lower jaws may contain teeth and/or include a beak, and they are critical for interpreting what a 
dinosaur was adapted to eat. The rear portion of the skull includes the brain case. The brain case is a 
hollow chamber formed by multiple skull bones that houses the brain. There are many small openings into the 
brain case. Nerves pass through these opening and connect to the brain. The size and shape of a brain case 
can indicate the size and shape of the brain that it housed, and, therefore, can provide clues to a dinosaur's 
mental capabilities. 

Dinosaur skulls also have multiple pairs of large openings. The nares (singular: naris) are the pair of 
openings for the nostrils. The orbits are the pair of openings for the eyes. In some animals, like turtles, there 
are no other large skull openings, but dinosaurs have several. These additional skull openings are called 
fenestra. The word 'fenestra' (singular: fenestra) is Latin for 'windows.' Behind each orbit, dinosaurs have 
two fenestra: the fenestra on the lateral sides of the skull is called the laterotemporal fenestra, and the fenestra 
on the top of the skull are called the supratemporal fenestra. Both provide extra room for large jaw muscles. 
Between each orbit and naris, dinosaurs have a third fenestra pair, called the antorbital fenestra. The function 
of the antorbital fenestra is unclear. They may have simply been adaptations that made dinosaur skulls lighter, 
or they may have also housed large sinus cavities that helped warm the air that dinosaurs breathed. 



Illustration 41 : Tyrannosaurus rex skull showing different openings 


8.1.2.2 The Axial Skeleton 

The vertebral column, or spinal column, is comprised of a series of interlocking vertebra that begins with the 
first vertebra in the neck, and ends with the last vertebra in the tail. Nearly all vertebrae share a basic form. A 
vertebra has a spool- or disk-shaped body, called the centrum. Above the centrum is the neural arch, which 
covers the neural cannel. The neural canal is the opening in each vertebra, through which the spinal nerves 
run. A vertebra may also have processes extending from the centrum or neural arch. Vertebral processes 
provide attachment surfaces for muscles, and sometimes provide articulation surfaces for ribs. Two 
common types of vertebral processes are transverse processes, which extend from the lateral sides of the 
vertebrae, and spinous processes, which extend upwards from the neural arch. 

Throughout the vertebral column of any animal, the shapes of individual vertebrae vary. In many animals, 
like most fish, this variation in vertebral shape is slight. However, in animals like dinosaurs and mammals, 
vertebrae in different regions of the vertebral column have strikingly different shapes. 



Vertebrae (singular: vertebra) in the neck are called cervical vertebrae. Cervical vertebrae often have 
extra-large openings for blood and nerve channels, and are adapted to support the weight of an animal's head. 
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Vertebrae in the back are called dorsal vertebrae. Dorsal vertebrae often have tall spinous processes and 
large rib articulation surfaces. Vertebrae in the hips are called sacral vertebrae. Because the pelvic bones serve 
as solid anchors for powerful leg muscles, the pelvic bones (later discussed in detail) are fused to the 
sacral vertebrae. To increase the strength of the hips further, the sacral vertebrae are also fused with one 
another, and form a single solid bone structure called the sacrum. Finally, vertebrae in the tail are called 
caudal vertebrae. Underneath caudal vertebrae are bones called chevrons. Chevrons protect a large blood and 
nerve channel and provide support for tail muscles. 

In dinosaurs, cervical, dorsal, sacral, and caudal vertebrae may all support ribs (although, in the tail, ribs are 
usually only present at the base and are tightly fused to vertebrae). The largest ribs are those that connect to 
the dorsal vertebrae and form the ribcage. In dinosaurs, all dorsal vertebrae connect with ribs; however, in 
mammals, the dorsal vertebrae close to the hips do not. Also unlike mammals, some dinosaurs had gastralia, or 
'belly ribs.' Gastralia are small ribs positioned across a dinosaur's underbelly, underneath the ribcage. 

8.1.2.3 The Appendicular Skeleton 

Dinosaurs, mammals, reptiles, and amphibians all belong to a special group of vertebrates known as 
tetra pods. 'Tetra pod' means 'Four feet.' Tetra pods are animals that evolved from an ancient ancestor with 
four feet and four limbs. Most tetra pods still have four feet and limbs, although some, like humans, have hands 
instead of front feet, and some, like snakes, have lost their limbs altogether. 

The limbs of a tetra pod are connected to the rest of the skeleton by limb girdles. The fore limbs connect to 
the pectoral girdle, also called the shoulder girdle. The scapula, or shoulder blade, is the largest bone in each 
side of the pectoral girdle. The hind limbs connect to the pelvic girdle, or hipbones. Each side of the 
pelvic girdle is composed of three bones that tightly connected to one another. The upper hipbone is called the 
ilium. It is to the ilium that the sacral vertebrae are fused. Below the ilium are the pubis and the ischium. The 
pubis is positioned in front of the ischium, nearer the belly, and the ischium is positioned behind the pubis, 
nearer the tail. The acetabulum is the depression or (as in dinosaurs) the hole in the pelvic girdle into which the 
hind limb articulates. 

Between the shoulder and elbow is the largest bone in the forelimb, called the humerus. Between the elbow 
and the wrist are two parallel bones, called the radius and ulna. In most tetra pods, the radius is the thinner of 
the two. The bones in the wrist are called carpals. The bones between the wrist and fingers are called 
metacarpals. Finger bones are called phalanges. 

The arrangement of bones in the hind limbs is very similar to that in the fore limbs. Between the hip and 
knee, the largest bone in the hind limbs is called the femur. Between the knee and the ankle are two 
parallel bones, called the fibula and tibia. The tibia is the bone that forms our shin. If you have ever broken a 
bone in your leg or ankle, there is a good chance that you broke your fibula, which is the thinner of the two 
lower leg bones. The bones in the ankle are called tarsals. The bones between the ankle and toes are called 
metatarsals. Finally, the bones in the toes are called phalanges (the same name as the bones in the fingers). 

The same pattern of bones in the limbs is shared by nearly all tetra pods. Changes in the proportions of the 
limbs or in the proportions of particular limb bones, or in limb posture can have a major impact on how a 
tetra pod moves. For instance, when we human stand and walk, our heels touch the ground. When dinosaurs 
stood and walked, only their toes touched the ground. Therefore, the metatarsals of dinosaurs (which are 
located in the flat of our feet) were tilted upwards, and contributed to the length of a dinosaur's leg. This 
helped dinosaurs to take longer steps, and probably allowed many species of dinosaurs to run much faster than 
humans can. 


8.1.3 Identify The Two Major Types Of Pelvis In Dinosaurs 

Skeletal differences and similarities are used to sort dinosaurs into groups. There are two major groups of 
dinosaurs: Saurischia and Ornithischia. Within each of these two major groups, there are many smaller groups. 
Saurischia dinosaurs are those that share an evolutionary ancestor that had a pubis that extended downwards 
and forwards, towards the ribcage. Ornithischia dinosaurs are those that share an evolutionary ancestor that 
had both a special beak-forming bone in the upper jaw (called the predentary), and a pubis that extended 
downwards and backwards, towards the tail. 

Be careful 

'Saurischia' and 'Ornithischia' are basic and very old terms, but they can be confusing. 'Saurischia' mean 
'lizard-hipped' and 'Ornithischia' mean 'bird-hipped.' These terms were used, because in a lizard's hip, the pubis 
extends downwards and forwards, and in a bird's hip, the pubis extends downwards and backwards. 
Remember, these groups are based on the pubis shape of a shared ancestor. The groups were named before it 
was recognized that birds are living dinosaurs. While some dinosaurs still have the same pubis shape as their 
ancestor, others have changed it. 
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For instance, despite being the namesake of term 'Ornithischia',' birds are not Ornithischia - birds are not 
'bird-hipped' dinosaurs! Birds are part of a special group of Saurischia dinosaurs that changed their pubis from 
extending forward to extending backwards (unrelated to the similar hip shape of the ancestor of 
Ornithischia dinosaurs). Here is another potential complication: Saurischia and Ornithischia share a 
common ancestor with each other, and paleontologists are not sure what this ancestor was like, whether it had 
more Ornithischia or Saurischia traits, or some mosaic of the two. 

8.1.4 Identify The Major Bony Features Of General Dinosaur Groups 

8.1.4.1 Saurischia 

There are two major groups of Saurischia dinosaurs: Sauropodomorpha and Theropoda. Sauropodomorpha 
were large herbivores with elongated necks and relatively small heads. Plateosauridae were an early group of 
Sauropodomorpha, and were the first group of large-bodied herbivorous dinosaurs to evolve. 



Illustration 43 : Dip/odocus{ Sauropodomorpha) 


Sauropoda were a later group of Sauropodomorpha. Many Sauropoda attained truly gigantic size, and the 
group includes the largest animals to walk the Earth ever. Sauropoda stood on four robust and column-like legs. 
Sauropoda vertebrae (particularly the cervical vertebrae) are filled with complex air sacks, which helped to 
reduce weight. The teeth of Sauropoda are usually simple and peg-like. 



Illustration 44 : Gorgosaurus (Theropoda) 


Theropoda were bipedal Saurischia dinosaurs that shared a carnivorous ancestor. Many Theropoda were 
carnivorous, and have serrated blade-like teeth and sharp hooked claws, but some were herbivorous, and a few 
lack teeth altogether. Birds are a kind of Theropoda, making Theropoda the only group of dinosaurs that is not 
extinct completely. 

8.1.4.2 Ornithischia 



Illustration 45 : Corythosaurus (Ornithischia) 

The backwards extending pubis, which gives Ornithischia their name, was an adaptation that created 
more space in the ribcage. This extra space was probably filled by extra-large digestive organs. Plant matter is 
much harder to digest than meat, and most herbivores need larger stomachs and intestines than do carnivores. 
All known Ornithischia dinosaurs are thought to have been primarily herbivorous. 
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The beaks, which all Ornithischia possess, are also herbivorous adaptations that helped Ornithischia to chop 
off large mouthfuls of vegetation. There are five major groups within the Ornithischia: Ornithopoda, 
Pachycephalosauria, Ceratopsia, Stegosauria, and Ankylosauria. 

8.1.4.3 Ornithopoda 



Illustration 46 : Iguanodon (Ornithopoda) 


Ornithopoda include a wide range of dinosaurs that lack armor, and that either walked bipedally all the time 
or assumed a bipedal stance when running. Many Ornithopoda are small antelope-sized dinosaurs, but some 
like the Iguanodons and Hadrosauridae grew to be multi-ton giants. Iguanodons are large Ornithopoda with a 
spike-shaped claw on each hand. 



Illustration 47 : Hadrosauridae 

Hadrosauridae are the famous 'duck-billed' dinosaurs. Hadrosauridae evolved late in the history of dinosaurs, 
but were highly successful. Some Hadrosauridae have elaborate boney crests, and all Hadrosauridae have 
strikingly large beaks in the front of their mouths, and dense, tightly packed rows of small teeth in the rear of 
their mouths. Together, these teeth form large chewing surfaces and are collectively referred to as 
dental batteries. 



Illustration 48 : Pachycephalosaurus 

Pachycephalosauria were bipedal with short arms, unusually stout, strong tails, and armored skulls. Some 
Pachycephalosauria have thick, domed skull roofs and backwards-pointing horns. The function of 
Pachycephalosauria skull armor will later be discussed in detail, but it has long been speculated that 
Pachycephalosauria may have rammed predators, or have butted heads with each other in competitions for 
territory or mating rights. In the front of their mouths, behind their beaks, Pachycephalosauria have sharp 
conical teeth and leaf-shaped teeth in the rear. These front teeth have led some paleontologists to hypothesize 
that Pachycephalosauria might have been omnivores (adapted to eat meat as well as plants). 
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Illustration 49 : Triceratops 

Ceratopsia are another group that evolved late in the history of dinosaurs. Ceratopsia have large parrot-like 
beaks, and skulls that are greatly expanded in the rear. In most Ceratopsia, this rear skull expansion is taken to 
an extreme, and a large boney frill, or neck shield, is present. Many Ceratopsia have large horns, and also 
possess dental batteries. Triceratops is easily the most famous of the Ceratopsia, and is one of the largest. Most 
large Ceratopsia were quadrupedal and have short tails. 



Illustration 50 : Stegosaurus 

Stegosauria are a group of quadrupedal dinosaurs with rows of projecting osteoderm plates down their 
backs, and long osteoderm spikes on their tails. Osteoderms are bones that develop within the skin, and are a 
common component of animal armor. Some Stegosauria also have osteoderm spikes on their backs and over 
their shoulders. Stegosaur front limbs are much shorter than their hind limbs. Stegosauria were probably not 
fast runners, but they could probably pivot quickly, and could rear up and stand on their hind legs. 
Stegosaur heads are small, relative to their bodies, and their snouts are narrow. 



Illustration 51 : Anky/osaurus 

Ankylosauria are the most heavily armored of all dinosaurs. Ankylosauria are quadrupedal with short legs 
and wide ribcages. The backs and skulls of most Ankylosauria are covered in spiky protective osteoderms. Some 
Ankylosauria also have large osteoderms on the ends of their tails, forming a mace or 'tail dub.' Unlike their 
relatives, the Stegosauria, most Ankylosauria have short snouts and broader, rounded beaks. 

8.1.5 Discuss The Soft Tissues Of Dinosaurs 

As has already been discussed, bones are the most common dinosaur fossils, because bones decay less 
rapidly than do softer tissues. This makes it difficult to know what a dinosaur's integument (body covering) was 
like. However, under exceptional circumstances softer tissues can be fossilized. Fossil footprints are natural 
foot molds that were originally made in soft, fine-grained sediments. Sometimes, a footprint may include more 
than just the rough outline of a dinosaur's foot, and may have impressions of foot scales. Skin impressions from 
other regions of a dinosaur's body can be preserved if a dinosaur was covered by mud shortly after it died, and 
before its flesh rotted away. Direct fossilization of skin and other soft parts is also possible, but such instances 
are exceedingly rare. 
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Dinosaur specimens that include a lot of skin fossils are often called 'mummies.' The first 
mummified dinosaurs were Hadrosauridae specimens, found in Wyoming in 1910. These revealed that 
Hadrosauridae were covered with scales, and that scales from different regions of the body often had 
different shapes. Fossil scales are also known from specimens of Theropoda, Sauropoda, Ceratopsia, 
Stegosauria, and Ankylosauria. The scaly skin of dinosaurs has a slightly better chance of being fossilized than 
would our own skin, because scales are coved by a substance called keratin. Keratin is a tough but 
flexible material that also composes hair, feathers, fingernails, and the outside of claws, beaks, and horns. 



Illustration 52 : Yutyrannus hua/i 

A major breakthrough in the study of dinosaur integument came in 1996, when a small Theropoda specimen 
with fossil feathers was discovered in Liaoning, China. This little carnivorous dinosaur was called 
Sinosauropteryx. The feathers had been preserved, because the dinosaur's body was buried suddenly by 
extremely fine ash from a volcano. Since this first discovery of dinosaur feathers, many other have been made 
in Liaoning. We now know that many small Theropoda had a covering of simple hair-like feathers and some, 
like Microraptor, had feathered wings. In 2012, feathers were first reported from the large Tyrannosauroidea 
Yutyrannus. At over a ton in weight, Yutyrannus is the largest known feathered dinosaur. 

Theropoda dinosaurs had feathers and filamentous integument, but what about 
other dinosaurs? Could Ornithischia have been fluffy as well? 



Illustration 53 : Psittacosaurus 

A few tantalizing specimens unearthed over the last few years have suggested that some Ornithischia might 
also have had feather-like integument. A specimen of the early Ceratopsia Psittacosaurus preserved unusual 
long, stiff, bristle-like structures at the end of its tail, but it was unclear if these were related to the feathers of 
birds and Theropoda. 



Illustration 54 : Kulindadromeus (Reconstruction) 

In 2009, a very primitive Ornithischia from China called Tianyu/ong was described, and this Ornithischia was 
covered in long filaments over most of its body. The most exciting specimen, however, was just described in 
the summer of 2014. Kulindadromeus was an early and primitive Ornithischia dinosaur from Russia, and it 
preserves not just simple, bristle-like filaments, like those found in Psittacosaurus and Tianyuiong, but 
branching, feather-like structures on its upper arms and legs as well! It seems likely that many dinosaurs might 
have had some combination of scales, fluffy filaments or quills, and true feathers. 
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Recall that osteoderms are bones that develop within the skin; therefore, these bones also count as 
integumentary structures. Osteoderms comprise the armor covering of many types of modern animals, 
including armadillos, crocodilians, and some lizards. Among dinosaurs, large osteoderms formed the plates and 
spikes of Stegosauria, and the armor and tail-club ends of Ankylosauria. Some Sauropoda also have 
osteoderms, although, it has been hypothesized that the osteoderms of Sauropoda were less important for 
protection, and more important as mineral reserves. 

What color dinosaurs were has always been a mystery. Recently, a clever new approach has begun to try to 
solve this mystery, at least for some feathered dinosaurs. Feather colors are not directly preserved in 
fossilized feathers; however, studies of modern birds have shown that feather color is influenced by the shape 
and arrangement of melanosomes - pigment cells within a feather. Under microscopic examination, 
melanosomes can be observed in some fossil feathers, and they give clues to a dinosaur's true colors. Black and 
gray colors result from long and narrow melanosomes, brown and reddish colors come from short and 
wide melanosomes, and white feathers have no melanosomes. Iridescence or 'glossiness,' like the shiny black 
and blue feathers of crows and magpies, corresponds to narrow melanosomes that are aligned in the 
same direction. 



Illustration 55 : Microraptor (Reconstruction) 


Illustration 56 : Anchiornis (Reconstruction) 


Based on analyses of fossil melanosomes, it is thought that the dinosaur Microraptor was a glossy black, and 
the dinosaur Anchiornis is thought to have been black and white with some reddish-brown on its head. 

Muscles are sophisticated tissues that produce force by contracting. Understanding dinosaur muscles is 
critical to understanding how dinosaurs moved. Unfortunately, muscles seldom fossilize. Recall, however, that 
one of the major functions of bones is to provide attachment surfaces and a rigid framework for muscles. 
Consequently, the shapes of bones often correspond to particular muscle shapes, and muscles often leave 
behind scars on the surfaces of bones where they attached. Like the pattern of bones in the skeleton, the 
overall pattern of muscle arrangement is largely the same across all Tetrapoda. 

Information about other soft tissues in dinosaurs is very scarce. One exceptional specimen of a small 
Theropoda dinosaur from Italy, called Scipionyx, actually preserves the mineralized remains of the trachea 
(windpipe) in the throat, and the intestines. A red smudge in the front of the belly region might represent the 
decayed remains of the heart, liver, or spleen. Some of the muscles were also preserved, as were the 
keratinous sheaths over the claws. 
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Dinosaur Paleobiology 


1 Taphonomy 

So far, we have learned a lot about what dinosaurs looked like, and how they lived. However, we have not 
dealt as much with exactly how they went from living, breathing animals to fossilized skeletons. There are many 
things that can happen to a dinosaur between the times that it dies until somebody digs it up. Once we have 
found a dinosaur skeleton it just does not pop out of the ground ready to be put on display like the skeletons 
here. There is a lot of hard work involved in finding, excavating, and preparing dinosaur bones. These are the 
things we are going to be talking about in this module. 



Illustration 57 : 'Dinosaur Provincial Park/ Southern Alberta 


Here in 'Dinosaur Provincial Park/ in southern Alberta, there were millions of dinosaurs that were living and 
dying about 75,000,000 years ago. Now, we not only find bones here, but we find bones in association with the 
sediments. By studying how those bones are situated in the sediments, we practice a science called taphonomy. 
Taphonomy basically tells us what happened between the time of death of an animal, and the time that it was 
buried and eventually dug up by paleontologists. Now, by using taphonomy, we can learn something about the 
environments those dinosaurs were living in, we can also learn something about, perhaps, what caused the 
death of those dinosaurs. Finally, if we are really lucky, we can learn something about what those animals were 
doing up to the time that they died. Therefore, taphonomy is a very important part of our studies, and every 
fossil tells a story, so let us go see if we can find a story. 'Dinosaur Provincial Park' is a great place to look for 
dinosaur bones. 

Why do you think that is? 

Check all that you think apply. 


A) 

The region was once covered by 
massive glaciers 

C) 

The rock exposures 
100,000 years 

date back to 

B) 

The dry climate limits plant growth 

D) 

During the age of 
region was a forested 

dinosaurs, the 
mountain range. 


Although the connection is not obvious, Alberta's treasure trove of fossils would have remained locked away 
for millions of years to come, had it not been for the land sculpting work of glaciers. Long after the age of the 
dinosaurs, roughly 13,000 years ago, the region that is now 'Dinosaur Park' was covered by huge glaciers. 
These slow moving mountains of ice acted like giant bulldozers, and scraped away the top layers of sediments, 
removing these younger sediments put older and dinosaur-bearing sediments closer to the surface. Then, as 
the world's temperatures rose, the glaciers melted. The resulting melt water further eroded the surface of 
'Dinosaur Provincial Park, 'and left large surfaces of Cretaceous-aged rocks exposed. 

Erosion did not stop with the end of glaciation. Wind and rain continued to erode the rocks of 
'Dinosaur Park,' and expose new dinosaur bones every year. This rapid rate of modern erosion is possible 
because of the park's sparse vegetation. A lusher covering of plants would shield the sediments from the 
elements, and plant roots would hold the top soil in place. As for the age of the exposed rocks, 100,000 years is 
not even close to old enough. The sediments of 'Dinosaur Park' date back to between 72,000,000 and 
78,000,000 years ago. Finally, the region that is today 'Dinosaur Provincial Park' was never a forested 
mountain range, and that is a good thing. As you will learn shortly, forests and mountains are environments 
that seldom preserve fossils. Therefore, answers A and B are correct. 
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You cannot just expect to go anywhere, dig a hole, and find dinosaur bones. First of all, you need 
exposures, because, if the rocks are covered up by soil, by forests, by pavement, by cities, your chances of 
finding dinosaur bones are really not very good. Secondly, the rocks have to represent the right age. We know 
that these rocks are the right age, because geologists have worked here for more than 100 years, and they tell 
us these rocks are from the Cretaceous Period. In the Cretaceous, dinosaurs were dominating all around the 
world. However, the next thing is, you have to have the right environment represented too, because dinosaurs 
only lived on land. These rocks were laid down, essentially, in a terrestrial environment where water was 
washing through the area, and buried the dinosaur bones in the river, but those dinosaurs lived on land. Finally, 
it helps if you know you found dinosaur bones there before. Literally millions of dinosaur bones have been 
found here in 'Dinosaur Provincial Park;' therefore, all four factors are working in our favor. We can come here 
every year, and expect that we are going to find new dinosaur resources. 

1.1 Bad Lands 

Do you think 'Dinosaur Provincial Park' would be a good place for bones to 
fossilize today? 

Although 'Dinosaur Provincial Park' is a great place to find fossils, it is not a great place for new fossils to 
form. It is very dry in the Bad Lands. Sand and mud do not build up over animal carcasses, which is required 
for the fossilization process. 

Dinosaur bones are very abundant in 'Dinosaur Park,' because 75,000,000years ago it was a good place for 
dinosaur bones to be buried. There were big rivers running through this area, and those rivers carried a lot of 
sand and mud, those buried the animals, and that means they had a very good chance of being fossilized. 

When we look at modern animals that die in the same environment that we are in today though, those 
modern animals, when they die, their bones disperse over the 'Bad Lands.' The bones dry up. They crack, they 
break, and they turn to dust. They are not buried, and they have no chance of being fossilized. 

The 'Bad Lands' are air and rocky today, but what would the terrain and climate 
have been like when the dinosaurs were alive? 

Check all that you think apply. 


A) 

Wet 

D) 

Hilly 

B) 

Dry 

E) 

Rivers and wetlands 

C) 

Flat 

F) 

Plains and bluffs 


'Dinosaur Park' is dry today, but 70,000,000 years ago, this area was a lot wetter and more humid. It would 
have been a bit like today's 'Gulf of Mexico' and the southern American States, lots of rivers and small creeks, 
relatively flat and swampy. Sometimes large storms, maybe even hurricanes, would have caused flooding. 
Dinosaurs that died in this region, especially during storms, would have been quickly buried, which is why we 
find so many dinosaurs here today. Therefore, A, C, and E are correct. 

Here in 'Dinosaur Provincial Park/ we are surrounding by sedimentary rocks. Sedimentary rocks take 
many forms, sandstones, mudstones, shale's, ironstones, you name it, but basically, they all share one 
common characteristic. That is, they are the breakdown product of other rocks. Those rocks are broken down 
into sand, silts, and mud, and then they are redeposited in water or by wind to form these layers. 

Sedimentary rocks are good places for animals to be buried, and, therefore, fossilized. Igneous rocks include 
things like this glacial erratic, we do find them in 'Dinosaur Park,' but igneous rocks represent ancient, 
molten magma, and this is not a good place for things to be fossilized in. The third type of rock are the 
metamorphics, and the metamorphics can either be sedimentary or igneous rocks that have been changed by 
heat and pressure deep underground. You are not going to find fossils in those as well under 
normal circumstances. 
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Now we work with geologists who are called sedimentary geologists who basically come to an area like this, 
and they look at the structures in each one of these levels. They can tell us what environments those 
represented, and they can maximize our chances of finding fossils of certain types. For example, we would look 
in sandstones when we were looking for dinosaur skeletons. 

2 Fossilization 



V* • •, \ 

Illustration 58 : Conditions for foSsiMzgtion 

Here we have an environmental scene with some areas that have the\potentiaf‘to-prQduce sedimentary rock, 
the type that might be able to preserve fossils. We have mountains, a river and its flood plain, a forest, a lake, 
and a desert off in the distance. 

Now let us pinpoint some dead dinosaur carcasses. We want to know which of these dead dinosaurs have 
the good chance of being preserved as a fossil. 



Illustration 59 : Chance of Fossilization 


We know the bones need to be buried in order to have a chance of being fossilized. Therefore, let us 
introduce a natural phenomenon called rain, and see what might happen to these carcasses. It rains up in the 
mountains, the water flows down and causes the river to flood and fills up the lake. Looks like the carcasses 
that were buried were ones near the river, and the one on the lakeshore. The carcasses in the forest, the 
desert, and on the mountainside were not buried. The desert is dry, and sediments in this area must be 
deposited by wind, which takes a lot longer than being covered by mud and debris during a flood. 

As for the carcass in the forest, there is also a good chance that plant roots and microbes in the soil will 
decompose the skeleton of the dinosaur before it has a chance to fossilize. Unfortunately, the dinosaur on the 
mountainside will likely not be covered up by anything. In fact, that carcass will likely rot, then disarticulate and 
weather away to dust. 

2.1 Marine Environments 

We have mostly been talking about sedimentary environments on land, but there are also 
sedimentary environments in the ocean. 
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Naturally, most of the fossils that are preserved in marine 
sedimentary environments are marine animals, but are dinosaur fossils ever 
found in marine sediment? 

A) Yes B) No 

Although all dinosaurs lived on land, many lived near the coast. On occasion, the carcass of the dinosaur 
was washed out to sea, where it eventually sank, and could be preserved in marine sediments. Although rare, 
there are several known instances of dinosaur skeletons preserved in rocks that were once an ancient sea floor. 
Therefore, the answer to our question is A. 


Illustration 60 : Sandstone 

Different kinds of sediments characterize different sedimentary rock types. Sand is typically deposited in 
rivers, on beaches, and in dunes. Rocks made out of sand are called sandstone. 





Illustration 61 : Mudstone (Shale) 

Lake deposits are usually made of mud or silt. We call rocks made of mud mudstone, or sometimes shale. 



Illustration 62 : Coal 


Swampy areas with a lot of vegetation can make a special kind of sedimentary rock called coal. Coal is the 
fossilized compressed remains of plants. 



Illustration 63 : Limestone 


Lagoons and shallow seas often deposit chalky sediments composed of plankton exoskeletons. These rocks 
are called limestone. Limestone is really characteristic of marine environments. 

We have talked about environments where we might find complete skeletons, like flood plains, lakes, and 
collapsed sand dunes. However, more often than not, we find disarticulated portions of skeletons, as well as 
single bones. Identify the valid reasons why we may not find a complete articulated skeleton. 

A) The skeleton is in a flowing river C) The dinosaur dies in a forest 

B) The carcass is scavenged D) The bones are scattered randomly by 

other animals 
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There are many reasons that we might only find a few isolated bones or groups of jumbled up bones. 
Predators are really good at breaking up large animal carcasses. A Theropoda that came upon a dead dinosaur 
could pull off a leg, or head, or break up the ribs and other bones while feeding. Other dinosaurs may step on 
the skeletal remains trampling the bones and breaking them apart. Therefore, A, B, and D are correct. 

As we have already pointed out, bones deposited in fast flowing water will break apart. The further a bone 
travels in the water, the more worn down it will become. Sometimes we can tell if the bones were deposited in 
a fast flowing river because of something called long-bone alignment. This means the long bones, like the 
bones of the arms and legs will be oriented in the same direction because of the physics behind how water 
flows. 

2.2 Preservational Style 

Once a bone has been chewed on, trampled, transported, broken apart, abraded, and finally buried, 
fossilization can occur. There are a couple different ways fossils can form, and we call these 
preservational style. For dinosaurs, there are two main categories of preservational style: permineralization and 
replacement. 


2.2.1 Permineralization 



Illustration 64 : Plant fossil (Permineralization) 

Here I have two plant fossils, they go through the same process of fossilization that bones would. 
Permineralization occurs when the internal spaces of tissue and bones are filled with dissolved minerals carried 
by water. This plant has been filled in with minerals; therefore, it shows permineralization. 

2.2.2 Replacement 



Illustration 65 : Plant fossil (Replacement) 

Replacement occurs when the original material is replaced by minerals. This is no longer the 
original material. It is a cast, or impression, of the original material. This is a fossilized tree root called Stigmaria 
(Lycopodiopsida rhizome). To explain what would have happened to this tree root, think about when a dentist 
creates a mold of your teeth when he is about to make a set of braces. He then creates a cast of your teeth by 
filling that mold with plaster. Essentially, that is the end result of the process that we are seeing here. 

There is one last taphonomic effect about we are going to talk. 
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2.2.3 Plastic Deformation 

Do you notice anything weird about this skull? 



Illustration 66 : Deformed fossilized skull 

This Tyrannosaurus skull is asymmetrical. It looks like somebody sat on it and kind of squished it to the side, 
but the bones are not broken. This is called plastic deformation and occurs after the bones have been fossilized. 
The weight of the sediments and rocks above the fossilized skull, and the pressure of the rocks below and to 
the sides cause many fossils to be squished. 

2.3 Necessary Events 

Let us take a moment to summarize some of the ideas we have just covered. Let us specify the order of 
major events that happen between the death of a dinosaur and its skeleton eventual excavation by 
Paleontologists. Of the following, which specifies the correct order of events? 

A) Death, fossilization, burial, erosion, and excavation 

B) Death, burial, fossilization, erosion and excavation 

C) Death, fossilization, erosion, burial and excavation 
The correct order is 


1 . 

Death 

4 . 

Erosion 

2 . 

Burial 

5 . 

Excavation 

3 . 

Fossilization 




Therefore, B is the correct answer. 

3 Field Work 

Even if a dinosaur bone, or complete skeleton, becomes perfectly preserved, there are many factors, which 
may prevent it from being excavated, and moved into a museum for all to see. This is often the case that a 
perfectly preserved skeleton becomes exposed, and is available for an easy excavation, but it might be in a 
place that nobody visits. Essentially, this perfect fossil is never found. The fossil would then disintegrate 
through modern times through the same weathering processes that did not destroy it 70,000,000 years ago: a 
sad situation, but very plausible. 

Let us say that the dinosaur skeleton was found at the top of a really steep cliff that we could not get to. 
Sometimes skeletons are too difficult to get out of the ground for the resources we have available, or maybe 
our skeleton is there, but hidden under the pavement of a city. A few years ago, in Edmonton, a sewer 
maintenance crew found several dinosaur bones. After a bit more looking around in the sewer, they found a 
few more. However, because they found the bones deep underground beneath a built-up area, they could not 
excavate to find any more. Perhaps a hungry predator found the dinosaurs' carcass before it could be buried, 
and then the predator ate all of the bones: result, no fossil. 

Finally, it may have been the case that a dinosaur died in an area where there was no chance its carcass 
could be buried, like in a forest, or on a mountainside, or a dry desert. The bones would have slowly broken 
apart and weathered away. 

Well, that is enough talking about how dinosaur bones are not preserved, because here in 'Dinosaur Park,' 
we have literally millions of dinosaur bones exposed at any one time. The majority of the bones are just 
isolated vertebrae, bits of ribs, parts of limb bones, fragments. They do not give us a tremendous amount of 
information about the animals, and they can also be very hard to identify, because they have gone through 
these processes, where before they were fossilized they may have been eaten by another dinosaur, or tumbled 
in a stream for many years before they were buried. Then, of course, once they have been eroded, they break 
up relatively quickly. 
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Illustration 67 : Gorgosaurus tooth 


However, when we walk around, we also find many isolated bones that are more interesting. So for 
example, this is a tooth of a Gorgosaurus. We find many teeth in 'Dinosaur Provincial Park,' and that is because 
dinosaurs shed their teeth throughout their life. In addition, in that way they are very similar to sharks. 
Therefore, you can find that one animal could produce probably thousands of its teeth in its lifetime. In 
addition, of course, they have a very good chance of being fossilized, because the enamel on the outside makes 
them quite hard. Now a specimen like this can be identified in some cases right down to species level, and 
consequently we will take this back to collections. 



Illustration 68 : Ornithomimidae toe bone 


When we find a fossil that we feel should go back to our collections, for example, this Ornithomimidae, or 
ostrich mimic toe bone, we have to record information about this specimen. We will take a little specimen card, 
and on the specimen card we will mark a field number, and an identification as Ornithomimidae toe bone. 

The age of the formation is the 'Dinosaur Park' formation; therefore, that will be filled in too. Moreover, the 
locality is recorded in most cases using a GPS. GPS gives us information about the latitude, longitude, or any 
other system, and the altitude that the specimen is found on. The information is then taken back to camp. Each 
night is transferred into a database, which is returned to the University. Finally, the specimen is wrapped up so 
that it can be transported safely. 



Here we are at the 'Danek Site,' located just inside the City of Edmonton, only a short drive away from the 
'University of Alberta.' What we have found here are many different bones from several dinosaurs. Bone beds, 
like this one, are in fact massive accumulations of bones of many individual animals: usually in a river channel, 
but not necessarily. Moreover, those bones normally represent long-term accumulations of bones that have 
washed downstream in the river, and then been dropped in places where there is quiet water. As a 
consequence of that, very often they represent animals that lived in the region for hundreds or thousands of 
years. However, here we have something different, because all the bones belong to one type of dinosaur, an 
animal called Edmontosaurus, and Edmontosaurus is one of the giant duck-billed dinosaurs. We have at least 
15 individuals here. When we look at the bones in this bone bed, we can see that the animals probably died 
together at exactly the same time, and they were buried very shortly after. Interpreting a bone bed like this is 
one of the many things that paleontologists do. 

Let us talk about rocks for a moment, in this quarry dinosaurs are being found in something; we called a 
mudstone, a siltstone, or shale. Moreover, these rocks are very fine grained, and they represent quite 
water environments. They are the kind environments like marshes or swamps, where the mud settles out 
very slowly, and buries the dinosaur bones over a long period of time. 
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Illustration 69 : Sandstone with leaf fossil 


Most of our dinosaurs in Alberta that are skeletons are found in sandstones. This is a chunk of sandstone 
from 'Dinosaur Provincial Park/ and this particular specimen has a leaf fossil on the back of it. However, 
sandstones are much coarser grained, and it takes more energy in the water to move the sand. Therefore, this 
represents a channel deposit in a river, and that means that when a dinosaur came to the bottom of the river, it 
could be buried very rapidly by sand. Therefore, the preservation is very different from what we find in this 
bone bed where it was quiet water. 

3.1.1 Dinosaur Quarry 



Illustration 70 : Dinosaur quarry 


This is one of more than 700 dinosaur quarries in 'Dinosaur Provincial Park,' where dinosaur skeletons have 
been excavated. In this situation, there were two phases to this quarry. We found the quarry first in 1982, 
when there were many bones sticking out of the edge of the hill, and we realized we had a dinosaur skeleton. 
However, as we investigated further, we also realized that it had been dug up once before, and that, in fact, 
the skull had been taken away. Because the skull was gone, and because this skull is the thing, we use to 
identify the specimens most readily, we decided we would not take the specimen until much later when we 
found out that, in fact, the skull was in our own collections. It turned out that in 1920 George Sternberg, who 
was working for the 'University of Alberta' had collected the skull, and left the rest of the skeleton. This turned 
out to be a very important specimen; something we call a type specimen, which is the one that bears the name 
for a new species. Because it was a new species, we decided that the skeleton was so important, that more 
than 20 years after we found it, and almost 100 years after George collected it, we came back here to collect 
the rest of the skeleton. 


The process is pretty much the same though, as George used. It has not changed that much over the years. 
George had to deal with a lot of overburden, so from the edge, he had to remove the overburden using 
heavy tools, probably a pick, a shovel, and maybe even dynamite. Once he got down to where the skull was, he 
had done uncovered the skull, he knew what he had, he collected it, and sent it to the 'University of Alberta.' In 
our case, we had a lot less overburden to deal with, because George had taken most of it away, but still we had 
to remove all to get down to the skeleton. Once it was uncovered, then we knew how much of the skeleton we 
had, and what we had to ship back to the University. 

As we get closer to the specimen, of course we change our tools. George was using, as I said, picks, 
shovels, and dynamite. We were using geological hammers, awls, and chisels. Moreover, once we got 
very close to the bone, we were using dental picks, needles, and brushes. Most of the good work though is 
done in the University, not here, because the season is too short. Therefore, we capped it with plaster and 
burlap, and shipped it back to the University. 
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Now, the rocks in 'Dinosaur Park' are generally pretty soft. We normally take about three weeks to collect a 
dinosaur here. However, it is not that good in other parts of the world. Therefore, for example, in Antarctica, I 
encountered some of the hardest rocks I have ever worked on in my life. We had to use heavy tools all the 
time, including dynamite, rock saws, and jackhammers. Yet, the process was the same. It just took a lot longer. 


Illustration 72 : Grid 

We also use a grid, which is meter by meter squared, that is broken up into 10 cm segments. We use this to 
create a map that accurately depicts where the bone is located within the quarry. 


These two bones have been completely uncovered now, and they are ready to be taken out. The technique 
we will use is very similar to what doctors have used for a long time to protect a broken arm or a broken leg. 
That is the use of plaster, burlap, or, more recently, something called Gypsum to wrap the broken arm or leg in, 
and we do the same for the fossil bones. Essentially, the idea is to provide a hard, protective shell to protect 
the bones so that they do not fall apart. Before we put the plaster on, though, we will cover it with wet 
paper towels, and that acts as a separator; therefore, the plaster does not stick to the bone. Once the plaster 
hardens, then all we have to do is turn it over, remove a bit of the rock, and put plaster on the other side as 
well, so that it is protected for the journey back to the laboratory. Now that the plaster is dry, we are going to 
put a number on this jacket. In addition, it is a unique number that will also be put on the maps, so we can 
always tell where the bones come from in the quarry. 

At this point, please watch 'Dinosaur Paleobiology_001.MP4' 

Video 1 : Fossil preparation 


Illustration 71 : Edmontosaurus rib 


Miriam has found an Edmontosaurus rib and ischium, which is part of the pelvis. When we find something in 
the quarry, we use a notebook to record various kinds of information about the bones that we have found. 
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Finally, each specimen receives an official record number in our catalog of fossils, and it is stored in our 
collection. It is then available for someone to study it, or it may be prepared for public display. There are many 
dinosaur fossils in the University's collections, and this is in addition to many other fossil vertebrate bones kept 
for creatures like fish, mammals, turtles, and crocodiles. So far from the 'Danek Bone bed,' we have collected 
almost 1,000 different bones from Edmontosaurus and Albertosaurus. These are organized in cabinets and on 
shelves so that they can easily be located for research. 

The 'Danek Bone bed' mostly contains the remains of the Hadrosauridae Edmontosaurus, which is fitting 
since the site is located in Edmonton. We found quite a few bones at the site, and we are pretty sure we have 
several animals buried here. We want to try to get a count of just how many dinosaurs we might have. In 
addition, for this, we can count the bones in the quarry. 
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Here is a quick inventory of the numbers of some of the types of bones we have found. 

What is the minimum number of animals that died in this bone bed? 

When we try to count the number of specimens, we use a unique element: in this case the left femur. 
Because each animal only has, one left femur we know that everyone we find represents another animal. 
Because each skeleton has many vertebrae and teeth, these elements are not very good ways to estimate a 
minimum number of individuals in a bone bed. 


A bone bed contains many individuals. Moreover, those individuals are of different sizes and different ages. 



For example, we can look at this bone, which is This bone is the same bone, another upper arm 

a very large upper arm bone from Edmontosaurus. bone, but this is from a much smaller individual. 

Now we know from comparison with other skeletons, and the work that we do on the thin sections of the 
bones themselves, that this represents an animal that was probably three or four years old. It would have 
weighed about as much as a cow. This bigger one, on the other hand, represents an animal in the range of 
20-25 years old, and it weighed about as much as an elephant. 

The vast majority of bones that we find in this bone bed are Edmontosaurus. Most of those bones are fairly 
complete and easy to identify. However, mixed in among those whole bones are many fragments. One would 
wonder why we bother to pick up fragments, which are essentially unidentifiable other than the fact that they 
are Edmontosaurus. However, when you look at them, they tell you a lot of information about what happened 
here. 
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For example, this bone has this nice spiral fracture 


on it. That is the kind of thing that only happens when 


the bone is still fresh. Old, dry bones do not break thgt way, and that tells us that something happened here, 
and the clue is accentuated by this mark right here, because that is a tooth mark that was made by 
Albertosaurus. Now, as the tooth tip dragged across the bone, it would leave that mark, but very often, the 
teeth, in fact, penetrated the bones and broke them, and left those spiral fractures. 


The teeth themselves are the second most common thing we find in this bone bed. They make up about 
5 % of the bones we find here. These teeth are somewhat special too, because the Albertosaurus teeth that we 
find here do not have their roots, the roots are gone. What that tells us is that these teeth were in the process 
of being shed. Just like when we lose our baby teeth, the roots are resorbed, and then we have a loose tooth. 
It was the same for Albertosaurus. The time when these loose teeth fell out most commonly was when they 
were feeding. We have a tremendous amount of evidence here to show that after the Edmontosaurus died, the 
Albertosaurus came in here and scavenged on them. That gives us information about what happened perhaps. 


3.1.2 Quarry Map 



Illustration 73 : Quarry map 

This is a quarry map. Each one represents 1 m 2 of the bone bed. When we look at the quarry map, what it 
tells us is the size of the bones, it tells us how they are associated with each other, and it shows us where they 
are in the quarry. It gives us a sense of the orientation. Now, if this were a fast water situation that the animals 
had been buried in, all of the long bones would be lined up in the same way. However, they are not; they are 
lined up in different ways, they cross over each other. That confirms that this was a quiet water situation in that 
the bones were buried. We look all the evidence we have from the maps, from the bones and we can come up 
with an interpretation. We can see, for example, that after the Edmontosaurus died as a herd at the same time 
and the same place, they were scavenged by Albertosaurus, the bones were torn apart in many cases, and 
everything was mixed up. Therefore, it is hard to find two bones of the same animal in the same place. 
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Overall, though even though we can tell what happened after the 
Edmontosaurus died, we still have not the question what led to their death? 

The reason we come back here year after year, we are looking for clues that might tell us that these animals 
died in a drought around a marsh, for example, or a pond. Alternatively, that perhaps there was a forest fire 
that killed them, or maybe they died of a disease. Those kinds of clues are very hard to find, and we keep 
looking for them. Big problem is that in any paleontological excavation, as we work them, we answer 
many questions. However, for every question we answer, we seem to create far more questions that we have 
to go a little bit deeper after that. 

In this module, we have learned about the techniques for finding and excavating dinosaur bones. We have 
also learned how to interpret some of the geological and taphonomic features of bones. We know which 
sedimentary environments are more likely to preserve fossils. We know to look for things like bite marks, 
disarticulation, and broken bones. In addition, we know how to record information at a bone bed quarry. At the 
'Danek Bone bed,' we have only uncovered bones from dinosaurs that already have names. However, 
sometimes we get lucky and find the bones of a new, previously unknown dinosaur specimen. As we 
discoverer, we might even get to name it. 

How do we know that a particular specimen is in fact a new dinosaur? How do 
we name it? 

We will cover these questions later in the course when we learn about the concept of the species. Next, 
however, we are going to start looking at specific dinosaur adaptations and behaviors, starting with how and 
what dinosaurs ate. 

4 Learning Objectives 

4.1 Classify Fossil Occurrences 

In this lesson, we learned how to interpret the anatomy of dinosaurs based on their fossil remains. Often, 
there is more to a fossil's story. The moments immediately after a dinosaur's death may have been an eventful 
period, and a great deal could happen in the more than 65,000,000-year interval between a dinosaur's death 
and the discovery of its fossils. Taphonomy is the study of all natural processes that involve an organism after 
it dies - this includes how it decays, is scavenged by other organisms, becomes fossilized, and erodes. 

Although you might think that a dinosaur would naturally stay put after it dies, it is not uncommon for 
dinosaur carcasses to have been moved considerable distances from the original site of their deaths. Predators, 
and later scavengers, may carry a carcass to their dens, or some other more secure feeding area. Shortly after 
death, decay may cause a body to swell with putrid gasses, and this may cause the carcasses of even 
large animals to float easily, and to be transported by shallow and weakly flowing water. This phenomenon is 
known as bloat-and-float. 

Finding complete dinosaur skeletons is rare. More commonly, only a single bone, or a few isolated bones, is 
found. There are many taphonomic factors that can contribute to the disarticulation of a skeleton. 
Partial consumption by carnivores is one such factor. Carcasses that have rotted for some time may be easily 
broken apart if swept away by rivers or floodwaters. Water currents may also carry different portions of a 
skeleton to different locations, based on the weight and shape of the different bones. Prolonged exposure to 
sunlight gradually weakens and disintegrates bone. Skeletons that become only partially buried will eventually 
lose their exposed portions. Portions of skeletons may also be trampled by animals, or have their 
mineral content leached away by the roots of plants. These are only a few examples, and there are a 
large number of other taphonomic factors that can contribute to both the transportation and the disarticulation 
of a skeleton. 



Illustration 74 : Skeleton of an Argali sheep {Ovis ammori) 

Undergoing modern taphonomic processes in the 'Gobi Desert' 
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Even while buried, taphonomic factors may modify a skeleton. The weight of layers of rock and sediment 
above a bone may flatten it, and even bone that has already fossilized may be subjected to plastic deformation. 
Plastic deformation occurs when pressure causes the shape of a buried fossil to be changed such that, even 
when the pressure is later removed, the fossil does not return to its original shape. Plastic deformation is an 
important process to understand of and to be mindful. Otherwise, plastically deformed fossils may be incorrectly 
assumed to display their true original shapes. 

4.2 Suggest Which Environments Are Best For Preserving Fossils 

To become fossilized, a bone needs to be buried. Burial can occur if an animal dies in its own burrow, if it 
falls into a sinkhole, or if it, or one of its bones, is buried by a predator. However, most often, burial occurs 
when water washes sand or mud over a carcass. Fossilization is, therefore, more common in wet environments 
than in dry environments, where there is no water to help bury carcasses. Fossilization is also more common at 
low elevations, where sand and mud carried in by water are able to build up, than at high elevations, where 
sand and mud are often carried away by erosion before they can build up and 'permanently' bury and protect a 
carcass. For this reason, we most often find dinosaur skeletons in ancient river, stream, and lake deposits. River 
and stream deposits are called fluvial deposits. 

Animals that died and were preserved in lakes (lacustrine deposits) have the best chance of preserving 
soft tissues, like hair or feathers in the fossil. This is because there is very little water movement in the lake to 
disrupt the skeleton, and the sediments laid down in lakes are very fine-grained - it is easier to preserve 
impressions of feathers in mud than in sand. 

Even though there were no marine dinosaurs, we do sometimes find dinosaurs in ancient 
coastal environments (and, rarely, deepwater environments), if the dinosaur was washed out to sea during a 
storm or tsunami. 

We do not often find dinosaurs in sediments representing ancient deserts (usually represented by Aeolian, 
or wind-based, deposits), because there was not enough sediment being deposited to preserve the skeleton. 
However, one amazing exception is the ancient environment represented by the rocks in Mongolia. During the 
Cretaceous much of what is now Mongolia was a sand swept desert, but it was not all dry. A river also coursed 
through the desert, and, like the modern Okavango river system of modern Africa, the river formed a large 
deltaic plain that created a huge oasis. 

In this deltaic plain, many desert animals, including large dinosaurs, had a chance to be buried by the 
sediments that were deposited by the river. Dinosaurs in the deserts of Mongolia could also be buried in 
another way: by sand dunes that suddenly collapsed onto the still living animal. This can happen when dunes 
suddenly become wet and saturated, like during a heavy rainstorm. As a result, the dinosaurs of Mongolia are 
often preserved in crouching positions, with their necks reaching up towards the air. 

4.3 Identify Which Kinds Of Rocks Preserve Dinosaur Fossils 

With only a few rare exceptions, all fossils are found in sedimentary rocks. Sedimentary rocks are rocks 
that form when mineral and organic particles accumulate, and become either cemented or compacted together. 
The two other basic rock types are igneous rocks, which form when magma or lava cools, and 
metamorphic rocks, which form deep underground when sedimentary or igneous rocks are changed by 
extreme heat and pressure. 

Sedimentology is the science of how sedimentary rocks form. Different kinds of sedimentary rocks form in 
different environments. Understanding the environmental conditions that led to the formation of the particular 
sedimentary rocks that contain a fossil can give important clues about the habitat of the fossil organism. 

Sedimentary rocks that form from mud and silt are called mudstone and shale. Lakes are places where 
large amounts of mud and silt accumulate, and large deposits of mudstone and shale often indicate a former 
lake bottom environment. Sedimentary rocks that form from sand are called sandstone, and sandstone can 
indicate a former beach, river channel, or ocean floor environment. Coal is a special kind of sedimentary rock 
that forms from the compressed remains of plants, and coal indicates a former swampy environment. 
Limestone is formed from the accumulation of shells and exoskeletons of small marine invertebrates, and 
limestone always indicates a former shallow marine environment. 

4.4 Classify Types Of Fossil Preservation 

Fossils may form in a variety of ways. The different ways that fossils form are called preservation styles. 
Most dinosaur bone fossils form through either permineralization or replacement. Permineralization occurs 
when the empty internal spaces of a bone are filled with minerals. These minerals are first dissolved in water, 
and then are deposited in the empty bone spaces as water soaks through the bone. Replacement occurs 
when the original bone gradually decays, and minerals fill the space that the bone once occupied. 
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4.5 Describe The Techniques Used To Collect, Prepare, And Curate 
Dinosaur Fossils 

Simply because a dinosaur bone managed to beat the odds and become buried and fossilized, does not 
mean that the fossil will ever have a chance to be discovered by a paleontologist. Most of the dinosaur fossils 
that ever formed have either been destroyed (they have been melted or metamorphosed by geologic processes 
deep within the Earth, or have eroded away to dust on the Earth's surface), or they remain buried too deep for 
current excavation technology to detect or to reach. Just as becoming, a fossil requires a special set of 
circumstances, so does becoming a fossil that is discoverable. To prevent a fossil from eroding away, it must 
remain buried. However, the burial process must be at least partially reversed in order for the fossil to be near 
enough to the surface to be found. Therefore, dinosaur fossils are most commonly found in 
modern environments where there is considerable recent erosion. Modern environments that are covered with 
vegetation are bad places to hope to find fossils. Vegetation covers and holds together an environment's topsoil 
and prevents erosion. Badlands, such as those throughout the Canadian and American west, are 
arid environments where vegetation is sparse, where erosion rates are high, and where large expanses of 
ancient sedimentary rocks are exposed. Badlands are among the best places to hunt for fossils. 



Illustration 75 : 'Dinosaur Provincial Park' 


Using geologic maps, paleontologists can identify locations where there are exposures of sedimentary rocks 
that are the right age to contain the fossils of dinosaurs. Often, a paleontologist that is hunting for dinosaurs 
returns to a particular location where fossils have been found before. Whether hunting in a new location or 
returning to an old location that has previously yielded good specimens, a paleontologist does not simply grab a 
shovel and immediately commence to digging. First, a paleontologist, and usually an entire paleontological 
field crew, prospects for promising specimens. 



Illustration 76 : Remains of a Hadrosauridae jaw 


Exposed to rain and freeze-thaw cycles 

The ideal dinosaur skeleton is one that is freshly and only just barely exposed above ground. Fossils that are 
not exposed at all are simply not detectable, and fossils that are completely exposed, and have been for a 
long time, may be badly weathered. 
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Once found, the first step in the excavation of a large fossil specimen is overburden removal. Overburden 
is the rock and soil that covers a fossil specimen and that must be removed before the full extent of the 
specimen can be judged. Overburden removal usually involves large indelicate tools like shovels, pickaxes, and 
occasionally even jackhammers, and bulldozers. However, such tools are not used in close proximity to fossils. 
At close distance, the work of the final excavation switches to hand picks and brushes. 

Large dinosaur skeletons or bone beds (accumulations of the bones of many dinosaurs) cannot usually be 
excavated and removed all at one time. Instead, they must be excavated in parts, and usually over the course 
of many field expeditions. Before any one bone is removed, it is important to map its location relative to the 
other bones. Mapping the relative positions of bones may help in putting a skeleton back together, and may 
also give important taphonomic clues. For instance, if in a bone bed, all the long limb bones share a 
similar orientation, this may indicate that the bones were carried and deposited by a strong river, and that this 
river oriented the limb bones in line with its current. 

Once a bone has been mapped, it is ready to be dug up. Although fossil bones are mineralized, they are 
usually brittle and unable to support their own weight. This makes them delicate to transport. To protect a 
fossil bone on its trip from the field to the laboratory, the bone is wrapped in a layer of protective material (this 
can be cloth, paper towel, or aluminum foil), and then covered by strips of burlap that have been soaked in 
plaster. Once the plaster hardens, it forms a strong and rigid jacket around the fossil. These plaster jackets are 
not opened until they have reached the laboratory, and special glues are applied to the fossils to strengthen 
them. The final work on removing the rock that surrounds a fossil takes place in the laboratory, and this 
process often takes more time than the field excavation. 

4.6 Identify Taphonomic Features Common To Dinosaur Bones 

There are many clues available to help a paleontologist understand what happened to a dinosaur after it 
died, and, sometimes, even evidence for how the dinosaur might have died. Disarticulation of a skeleton may 
occur as carnivores eat the carcass, or because the specimen was transported by water. In a bone bed, the 
orientation of the fossils is important: long bones (like the femur or humerus) that are aligned in the 
same direction indicate that the bones were transported by water, and tell us the direction the water was 
flowing. The amount of abrasion on the bones can give a relative sense for how far the bones may have been 
transported by flowing water. Scratches on the bones can be tooth marks, which indicate that carnivores fed 
on the carcasses (but do not necessarily indicate that the dinosaur was killed by that carnivore). 

4.7 Evaluate The Taphonomic History Of A Dinosaur Fossil 

By the end of this lesson, you should be able to explain the conditions necessary for a bone to become 
fossilized. 

What kinds of environments are we most likely to find fossils in? What are the 
steps in the fossilization process? 

You should also be able to provide some suggestions for what kinds of taphonomic processes occurred if you 
are given an example to interpret. 
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Eating 


1 Types Of Eaters 

Animals spend most of their waking hours either searching for food, or eating it. 

How do we know what long dead animals like dinosaurs would have eaten? 

We cannot watch them stalk and chase down other animals, as we can in a modern lion. We also cannot see 
if they casually chew their cuds as if cows do. However, there is still a lot of information preserved in the 
fossil record that gives us clues to dinosaur eating behaviors. In this lesson, we will take you through the 
different ways paleontologists can unravel the complex food webs of ancient dinosaur communities. 

1.1 Dinosaur Diet 

It is time to start thinking about dinosaur eating habits. Let us start with a quick question. 

What kinds of things do you think dinosaurs ate? 


A) 

Plants 

D) 

Other dinosaurs 

B) 

Fish 

E) 

All of the above 

C) 

Insects 




After all of the different shapes and sizes of dinosaurs that you saw in the first module, it should not come 
as a surprise that the answer is E. Not every dinosaur ate all these things, but different groups of dinosaurs 
often specialized in consuming one or two of these different food sources, as well as other animals like 
mammals, amphibians, a.s.o. 

When we try to understand the diet, or behavior, of dinosaurs, we often look at adaptations in 
modern animals. When it comes to eating some of the most informative parts to look at are the teeth and jaws. 
We can see general trends in the sizes and shapes of teeth in certain groups of living animals, and use our 
knowledge of these patterns to infer what different dinosaurs would have eaten. 

1.1.1 Carnivores 



Illustration 77 : Wolf-skull 


With me, I have skulls from a variety of carnivorous and herbivorous animals. Carnivores, like this wolf, have 
sharp teeth for piercing and tearing flesh. You can see the canine here as well as pointed teeth that extend to 
the back of the jaw. They also have sharp claws for gripping prey. 

1.1.1.1 Carnivorous Birds 



Illustration 78 : 'Bird of prey' skull 


Birds do not have teeth, but birds of prey, like hawks, owls, and eagles, as well as vultures, have sharp 
recurved beaks, sharp talons, and very strong feet. 
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1.1.2 Herbivores 



Illustration 79 : Horse skull 

Herbivores, on the other hand, have flat teeth for grinding vegetable matter, as you can see in this 
horse skull here. 


1.1.3 Omnivores 



Illustration 80 : Bear skull 


Omnivores, like this bear, eat meat and plant matter; therefore, they have a mixture of sharp and flat teeth. 
Take a look inside of your own mouth. You will notice you also have a mixture of flat and sharp teeth. That 
means you are an omnivore as well. 


1.1.4 Insectivores 



Illustration 81 : Hedgehog skull 

There are names for a few special subcategories of carnivores. If you eat insects, you are an insectivore. 
Among mammals, most insectivores are small animals, like hedgehogs or shrews. They have very sharp teeth 
for piercing through the exoskeleton of insects. Anteaters have very powerful limbs and claws for digging up 
anthills, termite mounds, and rotten logs. 



Illustration 82 : Spoonbill skull 

Many birds eat insects, and most of these have a generalized triangular beak for picking up bugs. While 
shore birds, like this spoonbill, do not necessarily eat just insects, they often have long beaks for probing into 
mud and sand to eat small invertebrates. 
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1.1.5 Piscivores 

Carnivores that are specially adapted to eat fish are called piscivores. Fish tend to be difficult prey to catch, 
but once caught, they are not hard to kill and can often be swallowed completely. For these reasons, piscivores 
do not need teeth that are adapted for ripping and disemboweling prey, or jaws that are particularly powerful. 
Instead, piscivores tend to have elongate jaws that can reach far and snap fast. The teeth of a piscivore are 
usually tall and conical, good for spearing and holding on to slippery fish. 







Illustration 83 : Gharial skull 

This is the skull of a gharial, an extant piscivorous crocodilian. Note its elongate tweezers-like jaws, and its 
tall, conical teeth that interlock. Many piscivores also have what is called procumbent dentition. That means, 
that the teeth in the front of the mouth point forward at an angle rather than straight up or down. Procumbent 
dentition allows the front tips of the jaws to be used to impale a fish, like a harpoon. 



Illustration 84 : Loon 

Of course, not all piscivores have teeth. Piscivorous birds, like this loon, have fish-skewing beaks that are 
long with sharp tips. 

1.1.6 Durophagy 



Illustration 85 : Tasmanian devil skull 

A few carnivorous eat very hard food, and have specialized adaptations for cracking bones or shells. We call 
this kind of eating durophagy. Flyenas and Tasmanian devils, like this one here, have deep powerful jaws and 
thick rounded molars that allow them to crack bones. 

1.1.7 Frugivores 



Illustration 86 : Horse skull 

Many herbivorous mammals have teeth adapted for grinding plant material. The big horn sheep, dear, and 
kangaroos all have flattened molars that create an excellent grinding surface. Like carnivores, herbivores have 
specialized feeding habits and adaptations, such as the fruit eaters, or frugivores. There are also browsing 
herbivores like giraffe, and grazing herbivores, like this horse here. You can see that its teeth provide an 
excellent grinding surface for plant material. 
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Illustration 87 : Warthog skull 

Omnivores eat both plants and animals, and so they can have a mixture of dental adaptations. Warthogs, 
like this skull here, are a good example of a modern omnivore. You can see at the front, the incisors, which are 
for grasping prey or plants, as well as tusks and molars, which are for grinding plant material. Humans are also 
omnivores. You can feel in your own mouth the sharp tearing teeth of your canines and premolars, while your 
molars are relatively flat, and can be used for grinding plant material. 


1.2 


Comparison Between Carnivore Skull And Herbivore Skull 



Here are two skulls. Indicate below each drawing if the skull represents a carnivore or an herbivore. Looking 
at the first skull, we can easily see that it has flat, grinding teeth, and no real sharp curved teeth. This skull, 
which belonged to a horse, shows the classic signs of an herbivore. On the other hand, this lion skull with its 
sharp pointed teeth shows a pattern that we would expect from a carnivore. 


2 Teeth 


The way that mammals grow and replace their teeth is very different from that of other animals. 

Do you remember losing your baby teeth? 

The most notable difference between mammals and other vertebrates is the number of times our teeth are 
replaced. Mammals have one set of baby teeth that are replaced in youth by a final set of adult teeth. If you 
lose a tooth as an adult, you will not grow a new one. You have used up your allotment. 

Dinosaurs are more like crocodiles or sharks, which are always growing new teeth. When a tooth falls out, a 
new one is ready to grow in and replace it. We now know that dinosaurs, like Tyrannosaurus rex, replaced each 
tooth once every IV 2 - 2 years, regardless of whether or not it was worn or broken. New teeth were always 
growing out beneath the old ones, and as they grew, the roots of the older teeth were being dissolved, and 
absorbed back into the jaw or resorbed. 



Illustration 88 : Tyrannosauroidea jaw 

Here I have the lower jaw of a Tyrannosauroidea. It has lost a couple teeth, and you can see in two places 
the new teeth are growing in. When the root was almost completely resorbed, a tooth would become loose. 
The same thing happens when we lose our baby teeth. 

Tyrannosauroidea, of course, could not use their fingers to wiggle the loose teeth the way that we can. 
Therefore, their loose teeth would remain in the mouth until they fell out on their own, usually during feeding. 
Consequently, when we find a place where Tyrannosauroidea was feeding, they are usually shed teeth mixed in 
with the skeletons of the prey. Sometimes these are broken teeth, but most of the time they are teeth that 
have had their roots resorbed. 
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Illustration 89 : Hadrosauridae lower jaw (outside) 


Now let us look at the jaw of another dinosaur. I have here one-half of the lower jaw of a Hadrosauridae. 
From the outside, we can see a wide, flat surface that is excellent for grinding plant material. 



Illustration 90 : Hadrosauridae lower jaw (inside) 


When we look at the inside, we can see that the teeth are layered on top of each other. There are at least 
three rows visible in the specimen. 

How many teeth do you think a large Hadrosauridae might have had in his jaws 
at any one time? 

A) 40 C) 400 

B) 100 D) 1,000 

A large Hadrosauridae had around 1,000 teeth in its mouth at any one time, if you include both the teeth 
being actively used in eating as well as all the replacement teeth. Therefore, answer D is correct 

Hadrosauridae were plant-eating dinosaurs that had to grind up tough plants rather than soft meat. Because 
their teeth would wear down much quicker compared to a carnivore, they would have to replace their teeth 
much more often. They also had many more replacement teeth growing beneath the working tooth. 



Illustration 91: Hadrosauridae tooth 


Here, we have a complete Hadrosauridae tooth. This is what a tooth would have looked like before it 
became part of the grinding surface. These teeth here (see III. 91), on the other hand, would have started out 
at around the same size, but have been ground down until very little of each tooth is left. You can see that 
each tooth is closely packed together. Effectively, there is only one large grinding surface in each upper or 
lower jaw. Because this surface is made up of many teeth, and the outer enamel layer of the tooth would wear 
down slower than the inner dentine layer, the teeth themselves would wear down at an uneven rate. 
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Illustration 92 : Hadrosauridae jaw (cross section) 

This is a cross section of a Hadrosauridae jaw. A large set of teeth is called a dental battery. Note, also, that 
the teeth are inset from the outer surface of the skull, therefore, that the chewed up plant material that is 
contained within the fleshy cheeks would not have dropped out of the mouth. 



Illustration 93 : Hadrosauridae jaw compared to herbivorous mammal jaw 

Let us take a moment to compare the jaws of mammalian herbivores with the Hadrosauridae jaw. After 
losing their baby teeth, plant-eating mammals, like this antelope, have one set of tall adult teeth. As we have 
mentioned, Hadrosauridae have formed a tooth battery of many rows of closely packed relatively small teeth, 
not unlike what we see in this antelope. In both cases, we see an adaptation for grinding tough and 
abrasive plants. 


Although Hadrosauridae and Ceratopsia both have dental batteries for grinding up plants, they were doing 
similar things in slightly different ways. More primitive members of each of these two lineages do not have 
tooth batteries. Therefore, we know that dental batteries evolved independently in Hadrosauridae and 
Ceratopsia, a great example of convergent evolution. This is a concept we will learn more about later on in the 
course. 



Illustration 94 : Grinding surface of Ceratopsia 


In Hadrosauridae, the grinding surfaces are almost horizontal, meaning that the jaws are moving from side 
to side and forward and backward. The grinding surfaces in Ceratopsia, like the one I have here, are almost 
vertical. The edges of the teeth are kept sharp, because they are formed by enamel. These create a 
cutting edge to chop up plants before the smaller pieces are ground up on the flat grinding surface of the 
dental battery. 

Okay, time for a quick review. 
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Which of these animals had a dental battery? 

More than one answer maybe correct, so check all that apply. 

A) Diplodocus C) Tyrannosaurus 

B) Triceratops D) Corythosaurus 

Triceratops and the Hadrosauridae Corythosaurus are the two animals that have a dental battery. However, 
both of these groups evolve this feature independently as their older ancestors did not have these massive 
tooth batteries. 

Let us take a look at some more teeth. I have a number of teeth with me here from several different groups 
of dinosaurs. 



Illustration 95 : Leaf-shaped teeth 

Here we have'the small, leaf-shaped teeth, characteristic of Pachycephalosauria and Ankylosaurus. Here are 
the small roots, and here are the cutting surfaces. 



Illustration 96 : Ceratopsia tooth 

Next, we have a Ceratopsia tooth. On the front is the sharp cutting surface, and the flat grinding surface is 
on the back. 



Illustration 97 : Hadrosauridae tooth 

This is a Hadrosauridae tooth, which would have been closely packed in with hundreds of others to form the 
dental battery. 



Illustration 98 : Sauropoda tooth 

This is a peg-like Sauropoda tooth, similar to what you might find in the jaws of Diplodocus. 
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Illustration 99 : Tyrannosauroidea tooth I 

Finally, we have several carnivorous Theropoda teeth. This one is from a Tyrannosauroidea. If you 
look closely, you can see the serrated edge. 



Illustration 100 : Giganotosaurus tooth 

This next one is from Giganotosaurus. Here you can see a portion of the long root that would have attached 
it into the animal's jaw. 



Illustration 101: Tyrannosauroidea tooth II 

Finally, we have a large Tyrannosauroidea tooth, where it is much easier to see the serrated, knife-like edge, 
which would have made cutting flesh much easier. 


3 Claws 



Illustration 102 : Allosaurus claw 

In addition to sharp teeth, many carnivorous Theropoda dinosaurs also typically had strong, curved claws on 
their hands that would have been very useful for grasping prey, similar to this large early Theropoda Allosaurus. 
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Illustration 103 : Velociraptor claw 


The Dromaeosauridae dinosaurs, like the famous Velociraptor, had a large, sickle-like retractable claw on 
each of their feet, very similar to the one I have here. We can actually teli from fossilized footprints that 
Dromaeosauridae used mainly two toes when they walked instead of the three like other Theropoda dinosaurs. 
That was because it held the claw retracted while it walked. Therefore, we know Velociraptor had 
retractable claws. 

Which of these living animals have retractable claws as well? 

More than one answer may be correct, so check all that apply. 

A) Chicken C) Bear 

B) Vulture D) Cat 

Modern cats have retractable claws; therefore, D is the correct answer. We do not see claw marks in 
cat footprints, because they hold their claws retracted as they walk. Retracted claws stay sharp, because they 
are not scraping along the ground all the time. Cats use their claws and strong arms to grab and subdue prey, 
and perhaps Dromaeosauridae like Velociraptor used their retractable claws to hang on to prey as wall. 
Studying aspects of animal structures other than just teeth can tell us a lot about how they hunted and what 
they ate. 

Some of the strangest arms of any Theropoda dinosaur are those in the Alvarezsauridae Theropoda, a 
weird group of very small Theropoda that includes the species Shuvuuia. Shuvuuia only had a single huge claw 
on each of its hands. Its arm was short but robust, which means it was probably very strong. Its skull was long 
and relatively fragile, and its jaws were lined with numerous very small teeth. 

3.1 Shuvuuia Diet 



Illustration 104 : Shuvuuia 


Take a look at Shuvuuia here. It has a relatively long snout and small teeth. 

Combined with a robust arm and a single claw, what kind of food do you think 
Shuvuuia might have eaten? 

More than one answer may be correct, so check all that apply. 

A) Fruit C) Termites 

B) Turtles D) Fish 

The weak jaws, small teeth, and short but strong arms of Shuvuuia have led paleontologists to suggest that 
Alvarezsauridae Theropoda might have been the dinosaur equivalents of anteaters. They would have used their 
strong arms to rip open termite mounds, and then snap up the exposed insects. Therefore, we think that the 
correct answer is C, termites. 
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4 Determining Diet 



We can still look at dinosaur jaws and skeletons to find clues about what they ate, but we can find 
more clues about diet by looking elsewhere. In fact, we will need to do this when we think about dinosaurs 
without teeth. There are entire lineages of dinosaurs, such as the ostrich mimic Ornithomimidae that I have 
here, and the odd-looking Oviraptoridae that had no teeth at all. 

4.1 Gastric Mill 



Illustration 105 : Gastroliths 


Ornithomimidae have been found with stones inside of their body cavity. Now, eating rocks may seem 
counterintuitive at first, but it is actually a very widely seen habit in modern birds. Modern birds also lack teeth 
and are not able to chew their food. Many herbivorous birds have what is sometimes called a gastric mill. This 
gastric mill is a muscular pouch in the digestive tract near the stomach that holds these swallowed stones, 
which are called gastroliths, like what I have here in my hand. As the muscles rub the stones against one 
another, food passing through the mill is ground up, performing the same function as a set of chewing teeth. 



Alternately, there are some dinosaurs, like Ankylosaurus, such as this Euoplocephalus here, and Sauropoda, 
like this Diplodocus, that did have teeth, but they were relatively small. Ankylosaurus, as well as dinosaurs like 
Stegosaurus had leaf-shaped teeth that would have been impossible to chew with. Sauropoda had 
extremely small heads for their bodies and pencil-like teeth that were poorly suited for chewing of any kind. In 
both cases, what these dinosaurs lacked in chewing ability, they made up for in size. All of these groups had 
extremely large, wide bodies and, consequently, large gut cavities. By having a large gut, food that is taken in 
has a longer time to break down and be digested. It is a wonder that an animal as big as a Sauropoda was 
trying to sustain itself of a relatively nutrient poor food like leafs and branches, which are made of tough 
cellulose. 

Although no living vertebrate can break down cellulose on its own, the bacteria that live within the guts of 
plant-eating animals can break down cellulose, and turn it into nutrients that the animal can use. Sauropoda 
would have used their guts as giant fermentation tanks, and the more time the food could stay in the gut, the 
better. 

4.2 Chewing Food 

All the dinosaurs you are about to see were herbivores. However, they processed their food in very different 
ways. 
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Can you identify which of these dinosaurs chewed their food? 

More than one answer may be correct, so check all that apply. 

A) Anodontosaurus C) Diplodocus 

B) Corythosaurus D) Triceratops 

Of these four types of herbivorous dinosaurs, Ankylosauria like Anodontosaurus and Sauropoda like 
Diplodocus, did not chew their food. The Hadrosauridae Corythosaurus and the Ceratopsia Triceratops did chew 
their food with dental batteries if you remember. Therefore, B and D are the correct answers. 

Although anatomy provides the main clues as to what certain dinosaurs ate, a few exceptional fossils provide 
evidence that supports our interpretations of dinosaur diets. For example, some Hadrosauridae skeletons have 
been found with lots of shed Theropoda teeth mixed in with their broken bones. In addition, many of the 
Hadrosauridae bones had tooth marks on them that came from the shed teeth. 



Illustration 106 : Bite marks 

Scratches like these are called bite marks. If we see parallel lines of scratches, then we know that we are 
looking at successive tooth tips in a jaw scraping across the bone. Often you can even see serration marks 
perpendicular to the marks left by tooth tips. Bite marks and shed teeth tell us that Theropoda dinosaurs fed on 
the dead herbivores. 

4.3 Hunter Or Scavenger? 

Do you think we can tell if Theropoda hunted and killed the herbivore, or if it 
just scavenged a dead carcass? 

The answer is no. We cannot tell from bite marks and shed teeth whether or not a Theropoda was a hunter 
or a scavenger. However, in modern animal communities, few animals are just scavengers or just hunters. 
Iconic hunters, like lions, actually scavenge and steal carcasses from other hunters, and iconic scavengers, such 
as hyenas, hunt at least a third of their food. Most hunters will scavenge at least some of the time if meat is 
available, because dead animals do not fight back. Only a few living Tetrapoda are dedicated scavengers, such 
as the vultures. 

4.4 Cololites 

Sometimes, dinosaurs are preserved with the remains of their last meal still in their stomachs. We call this 
mass of fossilized, partially digested food a cololite, because it is preserved inside the colon, or digestive tract. 
Hadrosauridae and Ankylosauria fossils have been found with cololites. 



Illustration 107 : Cololites 

The cycad seeds, marked (c), along with other seeds (s), are evidence of Isaberrysaura's last meal. The dinosaur's rib is marked (r). 

What kinds of food should we expect to see in a Hadrosauridae or Ankylosauria 
cololite? 

Well, of course, Hadrosauridae and Ankylosauria cololite are full of plant material, because, as we know, 
they were herbivores. Sometimes we also find meat-eating dinosaurs with stomach contents preserved. 
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What kinds of food would we expect to see in a carnivorous Theropoda gut? 

The small Compsognathus Theropoda, Compsognathus and Sinosauropteryx, have been preserved with 
lizard and mammal bones in their stomach. Moreover, a remarkable specimen of the 
Compsognathus Theropoda, Sinocalliopteryx, had the partially digested remains of other Theropoda dinosaurs 
and birds in its belly. 



Illustration 108 : Baryonyx 

The large Spinosauridae Theropoda Baryonyx had fish scales and bones preserved in its stomach region. 
This actually makes a lot of sense when you look at the skull of Baryonyx and other Spinosauridae like 
Spinosaurus. Spinosauridae have long, low snouts with conical teeth similar to modern day fish-eaters like 
gar eels. Paleontologists have compared Spinosauridae teeth to those of other carnivorous dinosaurs and 
modern animals. They found that the chemical composition was more like that of creatures that fed on 
aquatic animals than those that fed on terrestrial ones. 

Think back for a minute. 

Do you remember what the name for a fish-eating carnivore is? 

A) Insectivore C) Piscivore 

B) Gastrovore D) Frugivore 

A fish-eater is called a piscivore; therefore C is correct. 

4.5 Coprolites 

Another source of evidence for dinosaur diet are coprolites, which are fossilized dinosaur droppings. 
Wildlife biologists can use the shape and contents of animal droppings to identify which animals are living in the 
area. Large, rather amorphous, fossilized coprolites with high concentrations of carbonized plant remains might 
have belonged to Hadrosauridae or Ceratopsia. 



Illustration 109 : Coprolite 


An amazing coprolite found in Saskatchewan was V 2 m long and contained lots of broken up chunks of bone. 
The only animal that lived at the same time, as when the coprolite formed, and that would have been capable 
of eating bones was Tyrannosaurus rex. Again, the presence of lots of bones in Tyrannosaurus' droppings made 
a lot of sense when we compare Tyrannosaurus to other meat-eating dinosaurs. Tyrannosaurus has 
deeper jaws and a skull compared to many other Theropoda, which would have given it a stronger bite. In 
addition, Tyrannosaurus teeth were rounded and sturdier than other Theropoda teeth. Other Theropoda had 
good slicing teeth, but Tyrannosaurus teeth and jaws suggest that it was a bone-cruncher. 

4.6 Insectivorous Adaptations 

As we bring this module to a close, I would like you to select a few evolutionary adaptations that will enable 
you to create a dinosaur that could live off a specific diet. Let us try making an insectivorous dinosaur, like an 
anteater. 
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What kinds of adaptations would you choose for this dinosaur? 

Check all the ones you think would make a good insectivore. 

A) A long fine snout with small pointed C) A broad wingspan 

teeth D) 

Short arms with claws good for digging 

B) Long legs built for speed 

As we saw in Shibuya, an insect-eater would do well to have a long snout filled with small pointed teeth, as 
well as powerful digging claws to rip into anthills and rotten logs. Therefore, A and D are the correct answers. 


4.7 Carnivorous Adaptations 

Finally, let us make a carnivorous dinosaur that pursues and eats other dinosaurs. 

What kinds of adaptations would you choose for this animal? 

Check all the ones you think would make a carnivore. 


A) 

Feet with large retractable claws 

D) A head with binocular vision and 

B) 

Long legs built for speed 

triangular serrated teeth 

C) 

A short tail 



A successful carnivore that needs to chase down and catch other dinosaurs would be well served to have 
sharp claws to grasp prey, speedier legs to catch prey and a skull shape that allows for good, focused eyesight, 
as well as flesh-rending teeth. Answers A, B, and D are correct. 

The diet of dinosaurs was incredibly diverse, and there was probably a dinosaur alive at some time that ate 
just about everything that any modern vertebrate can. Sometimes we are extremely lucky and find a 
fossilized dinosaur that died mid-meal, or at the very least, with dinner still in their stomach. 

More often, we have to rely on the paleontologist's best tool of observation: comparative anatomy. Often, 
understanding the world around us, and how the diet of modern animals can be deduced by their anatomy is 
the most reliable way to infer dinosaur diets. 

In the next module, we are going to learn about locomotion or how dinosaurs moved around. 


5 Learning Objectives 

5.1 Describe The Morphological Characteristics Of Different Animal 
Feeding Strategies 


The history of dinosaur evolution spans over 160,000,000 years. In that time, dinosaurs diversified into a 
variety of forms, and became adapted to a variety of ecological roles. The ancestors of dinosaurs were probably 
carnivores that fed on small reptiles and large insects. 


Over time, dinosaurs expanded their collective dietary preferences, and different kinds of dinosaurs evolved 
adaptations to feed on different kinds of food. Understanding what a dinosaur ate is important if we want to 
understand how that dinosaur lived, and how it fit into a larger ecosystem. Sometimes, a dinosaur skeleton 
includes fossils of its incompletely digested last meal inside of its ribcage, but such fossil gut contents are rare. 


Usually, to figure out a dinosaur's diet, paleontologists must compare its feeding adaptations with those of 
modern animals whose diets can be directly observed. 



Illustration 110 : Tooth of carnivorous Theropoda 

Arrow points to a serrated edge 
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Herbivores tend to have thin, ridged or 'leaf-shaped' teeth for shearing and broad, flat teeth for grinding. 
Modern birds lack teeth, but herbivorous birds tend to have short, triangular beaks. Herbivores that browse 
high in trees, but cannot climb, have long legs and necks - like giraffes. Carnivores tend to have sharp pointed 
teeth for piercing, and sharp hooked claws for holding onto struggling prey. Raptorial birds have sharp and 
hooked beaks and claws. Like modern carnivores, carnivorous dinosaurs usually have sharp teeth and 
hooked claws, and, like some carnivorous lizards, most also have teeth with serrated edges. Serrations are 
small sharp bumps on a tooth that are arranged in a line that usually runs from the tip to the base of the tooth. 
You can see serrations at work on the edge of a steak knife, and, just like the serrated knife-edge, serrated 
tooth edges helped carnivorous dinosaur teeth to slice through flesh. 

These are only general patterns of adaptation, and some animals with specialized diets are adapted in 
very different ways. For instance, a parrot is a kind of herbivore known as a frugivore. Frugivores eat primarily 
fruit. The beak of a parrot is sharp and hooked (not unlike the beak of a carnivorous bird), because it needs to 
rip and tear apart the peels and protective husks of large tropical fruits. 



Illustration 112 : Skull of a piscivorous crocodilian, the gharial ( Ga via Us gangeticus) 

Piscivores are specialized carnivores that primarily eat fish. Piscivores tend to have tall, sharp, conical teeth 
that usually lack serrations. These adaptations make piscivore teeth good at spearing and holding onto 
slippery fish. Piscivores also tend to have long jaws that are capable of snapping shut quickly. 



Illustration 113 : The long spear-like beak of a common loon ( Gavia immer ), a piscivore 

Piscivorous birds tend to have spear-shaped beaks that are long, strait, and sharp at the tips. 



Illustration 114 : Skull and forelimbs of a digging insectivore, the Echidna {Tachyg/ossusa cut eat us) 

Insectivores are specialized carnivores that primarily eat insects. Some insectivores, like shrews and 
hedgehogs, have sharp piercing teeth for puncturing the chitinous exoskeletons of insects. However, 
many insects are soft bodied, and can be swallowed completely without being chewed; therefore, many 
insectivores have weak jaws and reduced teeth. Some insectivores, such as anteaters, pangolins, and echidnas, 
have no teeth at all. Because many insectivores must find their prey by digging, insectivores also commonly 
have large spade-shaped claws and powerful, but short, limbs. 



Illustration 115 : Skull of a bone-crusher, the Tasmanian devil (Sarcophilus harrisi) 
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Some carnivores, like hyenas, Tasmanian devils, and alligators, have sharp teeth for puncturing and ripping 
flesh, but also have strong rounded teeth that enable them to crack bones - this is termed durophagy. 
Durophagy also requires extremely powerful jaws. 



Illustration 116 : Skull of an omnivore, the Peccary ( Tayassupecari) 


Omnivores are animals that eat significant amounts of both meat and plants. Humans are a good example of 
an omnivore, as are pigs, most bears, rats, crows, and many turtles. Omnivores tend to have either 
unspecialized beaks and teeth, or a variety of teeth with different shapes (some shaped like those of 
herbivores, and others like those of carnivores). In your mouth, you have pointed canines, which have a shape 
characteristic of a carnivore, and you also have molars, which have a shape characteristic of an herbivore. 

5.2 Compare Tooth Replacement In Dinosaurs And Humans 

You and I have a limited number of tooth sets. We have lost our baby teeth. Now that our adult tooth set 
has grown, our teeth will eventually be worn down or be gradually eaten away by bacteria. If we live long 
enough, toothlessness or dentures is our inevitable fate. This is true of most mammals. However, dinosaurs 
were like modern sharks and crocodiles and were constantly growing new teeth throughout their lives. As 
new teeth grew in below older teeth, the new teeth would be pushed upward and would eventually replace the 
old. When an old tooth was ready to be replaced, its root (the portion of the tooth that anchored it in the gums 
and jaw) would be reabsorbed. Resorption is the chemical process by which a dinosaur breaks down its own 
teeth and bones so that the minerals and nutrients that compose them can be reused. After a new tooth was 
ready to replace an old one, and after the old tooth's root was reabsorbed, the top, or 'crown,' of the old tooth 
could be shed. 



Illustration 117 : Tooth replacement in a Tyrannosauroidea lower jaw 


Teeth that are ready to be shed still usually require a little help getting free from the little bit of gum that 
still surrounds their base. 

Remember wiggling and fidgeting with your loose baby teeth? 

Often loose teeth are shed while an animal is feeding. Throughout their lives, dinosaurs were constantly in 
the process of replacing teeth. It is estimated that Tyrannosaurus rev replaced each tooth once every 
1.5 - 2 years. Therefore, shed dinosaur teeth are not uncommon fossils to find, and can be easily identified as 
shed, because they are usually well-worn and lack roots. 

Shed teeth can be another useful tool for understanding a carnivorous dinosaur's diet. Often the skeletons of 
dinosaurs will be discovered with many shed teeth nearby. That tells us that the dinosaur to whom the 
shed teeth belong was probably feeding on the other dinosaur's carcass. Note, however, that the presence of 
shed Theropoda teeth around another dinosaur's skeleton cannot tell us whether or not the Theropoda actively 
hunted and killed the other dinosaur, or if it was only scavenging on an already-dead dinosaur. 
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Wfll-wsm Up 

Stid'ii lip 



Illustration 118 : Comparison of tooth 


Removed from the fossil jaw of a Tyrannosaurus, and a shed Tyrannosaurus tooth found in association with the disarticulated skeleton of a 
Hadrosauridae. 

5.3 Compare The Different Ways Of Processing Plant Material 

The walls of plant cells are made of a compound called cellulose. Cellulose is tough stuff, and it makes 
plants a difficult source of food. Animals cannot digest cellulose on their own. Animals need help from bacteria 
that live within their stomach and intestines. Even with the help of bacteria, getting all the raw energy that a 
large animal needs to survive from plants is not easy. Chewing food before sending it down to the 
digestive organs helps, because chewing breaks plants into smaller pieces that are easier for bacteria and 
digestive enzymes to envelope. 

The dental batteries of some herbivorous dinosaur groups are one way of dealing with the challenge of 
cellulose. Dental batteries are arrangements of densely packed teeth that collectively form a single, large 
chewing surface, and two groups of dinosaurs evolved dental batteries: Hadrosauridae and Ceratopsia. Because 
the individual teeth that make up dental batteries are small and because chewing grinds teeth down quickly, 
dinosaurs with dental batteries replaced their teeth rapidly. In the skull of a Hadrosauridae, there can be over 
1,000 teeth. Most of these teeth were not actively contributing to the chewing surface. Instead, they are 
replacements that were already fully formed and waiting in line. 

The chewing surfaces of dental batteries are complex. Dinosaur teeth are made of a variety of hard tissues, 
including enamel (which usually covers the outside of a tooth) and dentine (which is usually common on the 
inside of a tooth). As a tooth in a dental battery was ground down, different tooth tissues were exposed, and 
these different tissues would be ground down at a slightly different rate - making the chewing surface slightly 
uneven. The chewing surface of a dental battery is not simple, uniform, or smooth. It is intricate, varied, and 
abrasive. 



Illustration 121 : Lower jaw of a Hadrosauridae in medial 
(tongue side) view 



Illustration 119 : Skull of Edmontosaurus 



Illustration 120 : Beak and Jaws of the Ceratopsia 

Centrosaurus 


Illustration 122 : Grinding surface of the teeth in a 
Hadrosauridae dental battery 
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The dental batteries of Hadrosauridae and Ceratopsia are unrelated (that is, they evolved independently, 
and Hadrosauridae and Ceratopsia do not share a common ancestor that possessed dental batteries). The way 
Hadrosauridae and Ceratopsia used their dental batteries was also slightly different. In Hadrosauridae, the 
chewing surfaces formed by the dental batteries are angled downwards, but still mostly horizontal. When 
Hadrosauridae chewed, they moved their jaws backwards and forwards, and also from side to side. The 
chewing surfaces formed by the dental batteries of Ceratopsia are almost vertical. Teeth in the jaws of 
Ceratopsia would have slid together like scissor blades, with the opposing lateral sides of the teeth doing most 
of the grinding. The dental batteries of both Hadrosauridae and Ceratopsia are inset in the jaw (that is, they are 
positioned close to the tongue). Inset teeth probably helped make room for large cheeks, and cheeks are 
important for holding in food while an animal chews. 



Illustration 123 : Skull of Diplodocus, a Sauropoda Illustration 124 : Small, leaf-shaped teeth of an 

Ankylosauria 

Unlike Hadrosauridae and Ceratopsia, Ankylosauria and Sauropoda had simple teeth that could be used to 
nip off vegetation, but could only help break down their food a little. What these dinosaurs lacked in 
chewing ability, they made up for with guts. Ankylosauria and Sauropoda have huge ribcages that housed 
immense digestive organs. Although it would have taken a long time for these dinosaurs to digest plant matter, 
they still got the energy they needed thanks to their extensive series of digestive vats, and the sheer volume of 
food their digestive tracks were able to hold. 

Oviraptorosauria and Ornithomimidae are two kinds of herbivorous Theropoda. Many Oviraptorosauria and 
Ornithomimidae lack teeth, but some Oviraptorosauria and Ornithomimidae skeletons have small masses of 
little stones inside their ribcages. These stones are called gastroliths, and were once part of the dinosaurs' 
gastric mills. A gastric mill is a special stone-filled digesting organ located near the stomach. Many 
modern birds, including chickens, have a gastric mill, which they fill by swallowing pebbles that they pick up 
from the ground. Gastric mills help these toothless animals to 'chew' their food. Eaten plants are first sent into 
the gastric mill, where muscular contractions grind the rocks against each other and against the plants. This 
works just like grinding teeth, and the chewed-up bits of plants then continue into the stomach and are ready 
to be enveloped by bacteria and digestive enzymes. 



Illustration 125 : Feet and sickle-shaped claws of a Dromaeosauridae 

In addition to sharp teeth, carnivores also have a variety of adaptations that help them catch, dismember, 
and eat their prey. 

Dromaeosauridae are a group of Theropoda dinosaurs with thin tails supported by special rod-like 
projections of their caudal vertebrae and chevrons. The famous Theropoda Velociraptor is a kind of 
Dromaeosauridae. Dromaeosauridae, along with their relatives the Troodontidae, had serrated bladelike teeth, 
and a large sickle-shaped claw on each hind foot. These special foot claws resemble the retractable claws of 
modern cats, and could be raised off the ground. Keeping their claws raised would have prevented the claws 
from scratching the ground as Dromaeosauridae walked, and this would have kept the claws sharp. Like 
retractable cat claws, Dromaeosauridae foot claws are probably specialized weapons used to slash and puncture 
prey, and may have some Dromaeosauridae helped to climb trees. 
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Illustration 126 : The Spinosauridae Spinosaurus 

Spinosauridae are a group of Theropoda with skulls that strongly resemble those of crocodiles. 
Spinosauridae are thought to be piscivores. Like many modern piscivores, Spinosauridae teeth are conical, have 
sharp tips, and have few or no serrations. 



Illustration 127 : The Alvarezsauridae Shuvuuia 

Alvarezsauridae are a group of small Theropoda with short front limbs and compact hands. Alvarezsauridae 
are thought to have been insectivores. Like many modern insectivores, most Alvarezsauridae have 
reduced teeth, and short, but strong front limbs. The Alvarezsauridae Shuvuuia has one large spade-shaped 
claw on each hand. Its other forelimb claws and fingers were tiny and appear to have been useless. 



Illustration 128 : The Tyrannosauroidea Tyrannosaurus 

Tyrannosauroidea are a group of Theropoda that evolved late in the history of dinosaurs, and have reduced 
front limbs and robust skulls. Tyrannosauroidea teeth have serrated edges, and are well adapted for puncturing 
and cutting flesh. However, most Tyrannosauroidea teeth have blunt tips, and the attachment sites for 
jaw muscles in the skulls of Tyrannosauroidea indicate a capacity for tremendous biting force. It has been 
estimated that Tyrannosauri /by (the largest of all known Tyrannosauroidea) had the most powerful bite of 
any animal (living or extinct). These adaptations indicate that Tyrannosauroidea may have been capable of 
durophagy. Note: durophagy is not synonymous with scavenging. 

Scavenging refers to the consumption of an already dead animal by a carnivore that did not play a part in 
killing it. Durophagy can be beneficial to a scavenger, because it may allow a carnivore to access nutrients 
within the bones of a carcass that has already been picked over by other carnivores. However, many 
durophagous carnivores crush and consume the bones of animal that they themselves have killed, and many 
animals that are not capable of durophagy regularly scavenge. In fact, vertebrate carnivores that only scavenge 
are rare, as are those that never scavenge. Scavenging is an opportunistic part of virtually every carnivore's life. 

5.4 Describe Various Types Of Non-Morphological Indicators Of Diet 



Illustration 129 : Sinocalliopteryx skeleton with 
preserved remains of its last meal 


Illustration 130 : Sin ocalliopteryx fed on birds and other 
small dinosaurs 
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Studying adaptations is not the only way to figure out a dinosaur's diet. Sometimes dinosaur skeletons 
included fossil gut contents. Fossil gut contents are termed cololites. Cololites from Hadrosauridae and 
Ankylosauria contain fossil plant material. Two specimens of the wolf-sized Theropoda Sinocalliopteryx contain 
fossil gut contents, and these show that Sinocalliopteryx ate birds and small Dromaeosauridae. 

More cololites are known from the Dromaeosauridae Microraptor than from any other Theropoda. 
Microraptor had a diverse diet and evidently ate small mammals, birds, and fish. A cololite from the 
Spinosauridae Baryonyx included fish bones, and has helped to support the hypothesis that Spinosauridae were, 
at least, partially piscivorous. Gastroliths are another kind of stomach content that can provide information on 
diet, although 'stomach stones' can also be used by aquatic organisms, like crocodiles; to help regulate 
buoyancy and their presence may be unrelated to diet in some cases. 

Carnivorous dinosaurs often left bite marks on the bones of the dinosaurs they fed on. Tooth mark evidence 
shows that Ceratopsia and Hadrosauridae were commonly eaten by Tyrannosauroidea. Deep puncturing 
bite marks confirm that Tyrannosauroidea were capable of durophagy. 



Illustration 131 : Coprolite specimens 


One last source of diet information comes from coprolites. Coprolites are fossil poop. Although it is often 
difficult to identify what kind of dinosaur a particular coprolite came from, coprolites can give information not 
only on what a dinosaur ate, but also on how it was digested. Coprolites that have been identified as a 
Tyrannosauroidea contain large quantities of bone, and show not only that Tyrannosauroidea were 
durophagous, but that the bones Tyrannosauroidea consumed passed completely through their digestive tracts 
(unusual even among other durophagous animals). 
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1 Stance 

Old movies had a tendency to portray dinosaurs as lumbering, belly dragging beasts. They were typically 
very stupid. However, most people today understand that dinosaurs were not like this at all. They were active, 
mobile creatures. 

Why has our view of dinosaurs changed so much? 

Specifically, what is the evidence that we can use to back up our modern understanding of 
dinosaur locomotion. In this module, we will review a number of different lines of evidence for just how 
dinosaurs moved, and why we think this to be true. 


Understanding the stance and posture of dinosaurs often involves observing modern animals. For each of 
these two animals, decide whether each has an upright or sprawling stance. 

A) Cat - Erect stance C) Lizard - Erect stance 

B) Cat - Sprawling stance D) Lizard - Sprawling stance 

The cat has an erect stance, because it holds its legs directly underneath it. The lizard has a 
sprawling stance, because it holds its legs out to either side of its body. Therefore, the correct answer for cat is 
A, while the lizard is D. 


Illustration 132 : House cat (Skeleton) 

I have a skeleton of a house cat here. Cats generally walk with their legs held underneath their bodies. 
When you look at them from the front, their legs are relatively straight. We refer to their posture, or stance, as 
erect. Compare the stance of that to a lizard or salamander. A lizard holds its legs out to the side, and has what 
we call a sprawling stance. 

All animals with backbones and four legs came from the same common ancestor, who lived about 
400,000,000 years ago. These early, fish-like ancestors had limbs more like muscular fins than arms and legs. It 
was not until later the more salamander-like creature evolved. These animals developed sprawling stance, and 
began moving around on land. Later still two different lineages of animals developed. One led to birds, and a 
second one led to mammals. Each of these lineages independently evolved an upright stance. 

Let us look at two creatures of about the same size. We will use the example of the cat and lizard again. The 
cat has an erect stance, while the lizard has a sprawling stance. 

Which animal uses less energy to move? 

In general, the upright stance is more efficient. Creatures with an erect stance use less energy to move 
around, and using less energy can be a big evolutionary advantage. In our question, the cat uses less energy to 
move. 
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This erect stance has a number of advantages. Think about when you try to do a push up. When you hold 
your arms bent at a 90°-angle, like that of a sprawling animal, it requires a lot of effort just to keep yourself in 
that position. However, if you straighten out your arms, and hold them directly underneath you in an 
upright manner, holding the position becomes much easier. This also means that, in general, animals with a 
sprawling stance do not get as large as those with an upright stance. Remember though that this is a 
generalization, and there are plenty of cases where having a sprawling stance can be just as good as, or better, 
than being upright. However, an erect stance is more efficient for moving around on land. 

1.1 Articulations 



HpjosnT 


Femur 


Tiba a/fibula 


MetararsalXjpPhalanges 


Figuring out the stance of a living animal is easy. Simply look at its standing' - ajid you can say if it has a 
sprawling or erect stance. However, with distinct animals, like dinosaurs, we have to uSe.inference to determine 
how they might have held their limbs. Luckily, the posture of an animal is well imprinted irr-its bones. By looking 
at the articulations, that is where two bones are in contact with one another, like at this knee joint, we can see 
how it would have held its legs, and how it could have stood. By using comparative morphology, that is 
comparing the shapes of one animal to another, we can use what we know about modern animals and their 
stance to inform the understanding of dinosaurs. The earliest dinosaurs all had an upright stance, and most 
dinosaur lineages kept the stance throughout their evolution. That is not to say that all dinosaurs walked in 
exactly the same way, but just the dinosaurs walked with their limbs held directly beneath them. 


1.2 Stance Adaptations 

Let us spend a moment talking about how mammals have adapted to take advantage of the erect stance. 
Take a look at these two animals. 


Which of these animals has legs that are more efficient at supporting weight: 
the elephant, or the cheetah? 



The elephant has limbs that are more efficient for supporting weight. The cheetah's legs are less sufficient, 
but are better for running at high speeds. A is the correct answer here. 

2 Limbs 


Generally, the adaptations of any animal represent a trade-off. In the case of locomotion, or how an animal 
moves, there are two general extremes that we can see in land mammals. At one extreme, you have limbs 
made for supporting a large load. At the other, you have limbs designed for quick movement. There are plenty 
of variations between these two ends of the spectrum. Limbs adapted to support heavy loads are referred to as 
graviportal. Graviportal limbs tend to be thick and column-like, pretty much, what you would see on an 
elephant. This is in contrast to cursorial animals, which tend to be smaller, like a cat or a deer. Cursorial means 
running, these animals tend to have longer, lower leg bones, and walk on just their toes or even their toenails. 
Horses are an example of an animal that walks on its toenails. Think of it, a hoof is really just a modified 
fingernail. 
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2.1 Cursorial Limbs 

Some dinosaurs had graviportal limbs, some had cursorial limbs, and others landed in the gray area 
in between. 


Which of these animals do you think had cursorial limbs? 



Check all of those you believe to be cursorial. Remember, there may be multiple, correct answers. 

A) Argentinosaurus C) Massospondylus 

B) Ornithomimus 

Large Sauropoda had very graviportal limbs, like the Argentinosaurus, while many Theropoda had legs built 
for running, like the Ornithomimus. Very early Sauropoda like Massospondylus, had legs somewhere in between 
these two extremes. Our cursorial dinosaur is Ornithomimus:, therefore, B is the correct answer. 

Graviportal limbs are deigned to carry heavy loads efficiently, at the expensive of higher speed. On the 
other hand, cursorial limbs allow an animal to run faster, but be less efficient at carrying a large mass. To 
demonstrate this, think about your own legs. When you are standing still or walking, your legs are generally 
held in a similar fashion to that of a graviportal animal. Your legs are relatively straight, and the sole of your 
foot is in contact with the ground. Walking is not terribly fast, but it is very efficient. Compare this to when you 
are running. When you run, you come up on your toes. You can run faster this way. However, this leg position 
uses much more energy. The way limbs are held under the body represents a trade off between speed and 
efficiency. This is a strong factor in what drives different groups of animals to either evolve more 
graviportal limbs or more cursorial limbs. 

2.2 Investigate Locomotion 

One of the methods we can use to investigate locomotion in dinosaurs is to create muscle reconstructions. 
Let us spend a few minutes talking about how tail muscles help dinosaurs to walk and to run. To understand 
the relationship between tail muscles and dinosaur locomotion, we begin by dissecting the tails and legs of 
modern reptiles. We want to examine how tail muscles attach to the reptilian skeleton. 



On this Iguana, I have removed all the soft tissue from the tail, except for one muscle. This is called the 
caudofemoralis, and it is a tail muscle with a tendon that attaches to the femur, the upper leg bone. When the 
caudofemoralis retracts, it pulls backwards on the leg. Most lizards and crocodilians rely more on the power of 
the caudofemoralis than on any other muscle to help them walk and run, and the same was true of most 
dinosaurs. 
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Illustration 133 : Hadrosauridae femur 


Here is the femur of a Hadrosaur-idae, or duck-billed dinosaur, and the spot where the caudofemoralis 
attaches is easy to identify. It is this tall trochanter, or bony crest. Now based on this and many other muscles 
to bone attachment sites, it is possible to calculate the size of a caudofemoralis in a wide variety of different 
dinosaur species. 



To help visual the inner workings of dinosaurs' rear end, here is a simple clay model. Caudofemoralis, which 
is the red clay, is located deep within the tail, and here you can see the attachment site to the leg. Using 
digital models, we can create more precise muscle reconstructions. In addition, those results indicate that 
many dinosaurs, including famous carnivores like Tyrannosaurus and Carnotaurus had a caudofemoralis that 
was, even relatively to their enormous body size, significantly larger than that of modern lizards and crocodiles. 
Moreover, that means that these dinosaurs had more leg power, and were probably faster than we previously 
thought. 

Nevertheless, size is not everything, and where on the femur the caudofemoralis attaches is also important. 
In most carnivorous dinosaurs, like Tyrannosauroidea, it attached high up near the hips. In contrast, on those 
trabiverous dinosaurs, like this Hadrosauridae, it attaches in about the middle. This means that in the 
Tyrannosauroidea it could swing its leg fast, and could probably take longer steps, because the muscle does not 
need to contract as far. However, it also means that the Tyrannosauroidea would tire out more quickly, because 
it takes more energy to swing the leg when the lever arm is so short. On the other hand, the Hadrosauridae 
was probably not capable of taking long strides, and would not have been able to swing its leg as quickly. 
However, it also would not have tired out as fast. Therefore, in a sprint, a Tyrannosauroidea would definitely 
outpace a Hadrosauridae, but in a marathon, the slower, but steadier Hadrosauridae would win the race. 

That is why understanding dinosaur tails helps us to understand how dinosaurs may have hunted or avoided 
being hunted. Tails were an important part of every dinosaur's anatomy, and when it comes to locomotion, 
dinosaurs were packing a lot more than junk inside their trunks. 

2.3 Biped Versus Quadruped 

Apart from the different stances and moving styles that an animal may have, they may use either two or 
four legs when they are walking. Animals, which walk on two legs, are called bipeds, while animals that walk on 
four legs are called quadrupeds. Before we get into bipedal and quadrupedal dinosaurs, let us think again about 
a group of animals, mainly humans. 

Would you call a human? 

A) A biped C) Both 

B) A quadruped 

Check the correct answer. 

The answer is both. Virtually all of us have gone through a stage in our lives where we walked on all fours, 
mainly as infants. Humans change their stance from quadrupedal babies to bipedal adults. During the 
transitional stage between quadrupedal and bipedal stance, there are plenty of variations. 

There are plenty of animals that transition between bipedal and quadrupedal, but there are some animals 
that can only ever walk on two or four legs. For example, an ostrich could never walk on four legs with their 
very short arms, and an elephant can never walk on two legs, because of its size. Animals that can only walk on 
two or four legs are considered obligate; that is, they are obligated, or have no choice. They must walk in a 
certain way. Therefore, an animal that walks primarily on two legs is an obligate biped, and an animal that 
walks mainly on four legs is an obligate quadruped. 
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Now let us take a look at some animals that are not obligated to walk in a single way. Think of a bear; bears 
typically walk on four legs, but are well known to rear up on their hind limbs, and can walk some distance on 
two legs. Bears and all animals that can, but usually do not, walk on two legs can be called facultative bipeds. 
Facultative roughly means optional; therefore, a bear can optionally walk on two legs. Alternately, if we look at 
an animal like a kangaroo, it typically bounds at high speeds on two legs, but will walk on four legs when it is 
moving more slowly. It would be considered a facultative quadruped. 

2.4 Biped Advantages 

Let us think of some of the advantages of being a biped or facultative quadruped. Remember, a 
facultative quadruped is a biped that has the option to move on four limbs, just not all the time. 



Here is a kangaroo as an example, but this question could apply just as easily to a human, or bird, or any 
number of other animals. Select the advantages that a biped or facultative quadruped could gave. 

Check all answers you think apply. 

A) Fast runner C) Flight 

B) Large body D) Grasping prey. 

Animals that are primarily bipedal are generally small, and have their arms freed up to perform a number of 
functions. They can be fast runners, might be flyers, and might grasp prey with their hands. Therefore, the 
answers A, C, and D are correct. 

Dinosaurs display an incredible diversity of walking styles and modes. If we think about some of the 
largest dinosaurs, the Sauropoda, they were definitely obligate quadrupeds. Their extremely large bodies made 
it necessary for them to walk around on four legs. Alternately, animals like the carnivorous Theropoda were 
entirely bipedal. Some of them, like Tyrannosaurus rex, had incredibly small front limbs. There is no way that 
they could have possibly used their arms for walking, making them obligate bipeds. 

However, there were a lot of dinosaurs that fell in between these two extremes. In fact, all dinosaurs shared 
a common ancestor at some point, and this common ancestor walked on two legs. Therefore, 
quadrupedal dinosaurs evolved from bipedal ones. At some point, the obligate quadrupeds, like the Sauropoda, 
would have had facultative bipedal ancestors. 

One group that falls more or less in the middle of the spectrum is the duck-billed Hadrosaurus. Our 
understanding of the way Hadrosaurus move has changed a lot since they were first discovered. Early on, it 
was thought that Hadrosaurus stood straight up on their hind limbs using their tails for support. Well, we do not 
think that is the case anymore. We will come back to this group of dinosaurs shortly. 



Take a look at these two illustrations of Tyrannosaurus rex. Left he is standing up right with his tail on the 
ground. Right his back is parallel to the ground. 

Which of these stances do you think is more accurate? 

The image of Tyrannosaurus with his tail off the ground is the most accurate. Dinosaurs most definitely did 
not drag their tails. In fact, most reptiles do not drag their tails when they move around. 
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How do we know that dinosaurs did not drag their tails? 

We see plenty of preserved dinosaur footprints, but we do not see the impressions of their tails on the 
ground. 

3 Trackways 

As animals move around, they will often leave traces, or tracks, behind them. If you go down to a beach 
with wet sand or mud, you can often see the tracks that have recently been left behind. You can see that a bird 
has walked there, maybe a crab. Even without an in-depth knowledge of tracks, you can pretty quickly narrow 
down what types of animals are in the area. Dinosaurs also left us plenty of trackways, when they were alive. 
These preserved footprints are a type of ichnofossils. Ichnofossils are any track or trail left behind by an animal, 
whether it is a fossilized worm burrow or a footprint of a giant Sauropoda dinosaur. 

How do you get a fossilized footprint? 

Well, think about a mud puddle on a hot day. As the water in the mud puddle evaporates, the mud dries and 
hardens. If you were to step in this mud, and leave a footprint while it was still wet, the mud might then dry 
out, and your footprint will harden. If this hardened footprint was then covered by more mud, its shape could 
be preserved. Now, this may seem like somewhat of an unlikely scenario, and in fact, it is rather unusual. 
Seems like a 'one in a million chance.' However, given the millions of steps we take over the course of our 
lifetime, even if there is only a 'one in a million chance' that a footprint will be preserved, there is a very good 
chance that even one of your footprints will become fossilized at some point in the future. 

3.1 Dinosaur Tracks 



Based on what you have seen and learned about the anatomy of dinosaurs, do 
you think this sort of track would have been made by a 
quadrupedal Sauropoda, or bipedal Theropoda? 

Do you notice that there are two distinct shapes of footprints in this image? One would have been made by 
the front feet, and the other made by the back feet. This is a quadrupedal Sauropoda track. 



Illustration 135 : Dinosaur trackway 

What I think is the most amazing thing about dinosaur footprints is that they represent a behavior, or an 
action, of a dinosaur. The animals only left that footprint, because at some point in the past it walked on that 
exact spot. Because dinosaur trackways are made by an animal as it interacts with their environment, they can 
give us some insight into what they were like when they were alive. 
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Illustration 136 : Hadrosauridae footprint (Hind leg) 


Take, for example, the footprints of Hadrosauridae. If you remember, I mentioned earlier that the old view 
of Hadrosauridae had them standing almost upright on their hind limbs, dragging their tails. They would have 
looked more like 'Godzilla,' than an active, real life animal. Our view of their posture and habits changed during 
the 1970 s and 1980 s . That was when paleontologists studied the trackways of Hadrosauridae. They got some of 
the best evidence, showing us just how these animals moved around. 

Their footprints show that, although their hind limbs left deeper footprints, indicating that the rear limbs 
were carrying most of the weight, they also left shallow handprints. These handprints indicated that they were 
indeed walking on all four limbs. 

When an animal moves quickly, its space between its footprints becomes larger. By measuring the 
stride length of a trackway, we can estimate the speed at which an animal was moving. Of course, there are 
other factors we have to think of as well. For example, a big dinosaur that is walking can have a longer stride 
than a smaller dinosaur, simply because the bigger dinosaur has bigger legs. However, we can also estimate 
the size of an animal from the size of its footprint, and using those measurements in calculating, how fast it was 
moving. By carefully measuring and studying the footprints of dinosaurs, we can learn a lot about how they 
moved. 


t 





* 


Here is an outline drawing of a set of dinosaur footprints, which were found in China. 

What was this Theropoda dinosaur doing, when it made tracks that looked like 
this? Was it walking, running, jumping or swimming? 

These tracts would have been made by a dinosaur that was swimming in the water. The track records just 
where its toes would have hit the muddy bottom of a lake as it was swimming along. 


4 Metabolism 


We have been talking about locomotion, and how dinosaurs moved around. However, many of our ideas of 
dinosaur movement are closely related to another facet of dinosaur biology; namely, their metabolism. We have 
been comparing the locomotion of dinosaurs to many living animals, like mammals and birds, but two things 
that mammals and birds also have in common with each other is that they are both called warm-blooded. 

What about dinosaurs? 
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4.1 Body Temperature 

Well, let us start with what exactly warm-blooded and, conversely, cold-blooded might mean. To start with, 
we are going to do away with the terms warm- and cold-blooded. They are actually misleading terms, and do 
not really describe reality. For example, lizards are often considered cold-blooded animals, but this does not 
mean that their blood is actually colder than that of a warm-blooded animal. In fact, many animals that are 
considered cold-blooded use different behaviors in order to keep their blood at a temperature relatively close to 
that of warm-blooded animals, and some desert dwelling lizards actually keep their body temperatures even 
higher than that of mammals or birds. Instead of the terms warm- and cold-blooded, we are going to use 
endotherm and ectotherm. An endotherm is an animal that can control its body temperature through 
metabolism, and has a relatively constant internal body temperature. In contrast, ectotherms typically use 
behavior to control their internal temperature, which fluctuates between highs and lows. This is not to say that 
endotherms do not also have some variability in their body temperature. Humans are endotherms, and when 
we go to sleep, our temperature typically drops by a degree or so. 

4.1.1 Osteons 


Lacunae containing osteocytes Osteon of compact bone 



Illustration 137 : Bone structure of an endotherm 

Another line of evidence that we can use to differentiate between ectotherms and endotherms comes from 
inside the bones themselves. Using a technique called bone histology, where scientists slice up fossils into 
very thin sections; we can look at the internal structures found in fossils. Our bones are not solid things, but 
rather complex structures made up of many individual cells. Thanks to extensive studies on modern animals, we 
know that these bone cells, or osteons, are laid down in distinctive and different ways by endotherms and 
ectotherms. When we look through a thin section of dinosaur bone, the pattern of these osteons looks more 
like that found in endothermic animals rather than that found in ectothermic animals. Of course, there is still a 
lot of variation in these patterns, but in general, the bone structure of dinosaurs implies that they were 
more likely to be endothermic, like birds and mammals. 

Large reptiles are very rare on Earth today. However, one of these, the leatherback turtle, can grow to 
> 2.5 m in length, and weigh close to a ton. 

Is this turtle an ectotherm, or an endotherm? 

4.1.2 Cube-Square Law 

It turns out that this turtle is more endotherm-like than ectotherm-like, and is able to maintain a 
relatively stable internal body temperature, a temperature that is much warmer than the surrounding waters it 
lives in. Although turtles as a group are considered ectothermic. The leatherback has a large body size. This 
makes them unique. It turns out that leatherbacks maintain a high consistent body temperature, because they 
are so large. As a big animal, its surface area increases much more slowly than its internal volume, and follows 
a rule called the cube-square law. If you have a relatively large body volume and a relatively small surface area, 
your internal temperature is much less affected by your external environment. Leatherbacks, though not exactly 
endothermic, can be considered gigantothermic. This is a term that describes an animal that is so large, that its 
internal temperature is relatively unaffected by the surrounding environment. Many of the largest dinosaurs 
could have had a similar temperature regulation scheme, meaning that if they were not exactly endothermic, 
they would have been able to take advantage of many of the endothermic benefits, like speed and 
continuous activity. 
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However, not all dinosaurs were large. Therefore, this theory does not tell us much about the state of those 
smaller forms. In the end, the answer whether dinosaurs were ectotherms or endotherms is much more 
complicated than it seems. Dinosaurs most definitely came from an ectothermic ancestor, just as mammals did. 
Somewhere along the way, it seems that dinosaurs became full endotherms, like modern birds. The question of 
where to draw a line in the evolutionary record is difficult, and it is a question that will not go away anytime 
soon. Our lack of certainty about how warm or stable their body temperatures were, maybe less important than 
most people think. The behavior and the evolution of an animal is driven by far more than just its 
body temperature. Our disagreement over the metabolism of dinosaurs should not stop our search for answers 
to many of the other questions we have about them. 

5 Learning Objectives 

5.1 Classify Stance In Dinosaurs By Comparing To Modern Animals 



Illustration 138 : Skeleton of an alligator 



Illustration 139 : Skeleton of a domestic cat 


Lizards, turtles, crocodiles, salamanders; all have what is termed a sprawling stance. In a sprawling stance, 
an animal's humerus and femur project horizontally, with elbows and knees strongly bent. Mammals and birds 
have what is termed an erect stance. In an erect stance, an animal's humerus and femur project vertically, 
such that all the limbs point straight down from their girdles. 



Illustration 140 : A sprawling Diplodocus 


An erect stance has a number of advantages over a sprawling stance. One advantage is that an erect stance 
positions the limb bones directly under the body. This allows the limb bones to support the body's weight 
passively without muscles having to strain. Holding a 'push-up position' forces our forelimbs into a 
sprawling stance, and it is hard, because supporting our weight with bent arms requires our muscles to do a lot 
of work. Not surprisingly, most animals that have a sprawling posture do not use their limbs to support their 
weight very often. The life of a lizard is mostly spent resting on its belly. Lizards are relatively inactive 
(compared to mammals and birds), and rise to walk and run infrequently. Therefore, a sprawling posture suits 
lizards just fine. Active animals like mammals and birds need a more efficient stance. Most lizards are also not 
very large, therefore, they have little weight to support. Naturally, the weight supporting benefit of an 
erect posture is more helpful to larger animals, that have more weight that needs supporting. 
Another advantage of erect posture is that it allows all the limb bones to contribute to the length of a stride. 
This improves speed, because if every step you take is longer, you can potentially cover ground more quickly. 
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Illustration 141 : Diplodocus and other dinosaurs had an erect stance 

All modern Tetrapoda share an ancestor that had a sprawling stance. Birds and mammals evolved their 
erect stances independently of each other. 

Did dinosaurs sprawl like crocodiles and lizards, or stand erect like mammals 
and birds? 

Erect and sprawling postures are easy to identify based on limb joints and the articulation angles of 
limb girdles. The evidence is clear. Dinosaurs stood erect. 

5.2 Evaluate Locomotion Styles In Dinosaurs By Comparing With 
Extant Animals 



Illustration 142 : Emu hind leg 

Dromaius novaehollandiae (a relative of the ostrich) has a digitigrade posture, where only the phalanges, and not the metatarsals, touch 
the ground 

An erect posture is advantageous for fast locomotion and for supporting body weight. Among animals with 
an erect posture, there are those that have evolved to maximize these advantages. Cursorial limbs are limbs 
specially adapted for fast locomotion. To further increase stride length, cursorial limbs are elongated. In 
particular, cursorial limbs tend to have very long lower leg bones (the bones below the elbows and knees). 
Cursorial animals also often stand on their toes (digitigrade posture), or stand only on toenails that have been 
modified into hoofs (unguligrade posture). Cheetahs and ostriches are modern examples of animals with 
cursorial limbs and digitigrade posture. Horses and antelope are modern examples of animals with 
cursorial limbs and unguligrade posture. Humans are not cursorial, and we stand simultaneously on our toes, 
the flat of our feet, and our heels (plantigrade posture). In plantigrade animals, the phalanges and 
metatarsals make contact with the ground. Some dinosaurs show cursorial adaptations, in particular the 
Ornithomimidae Theropoda. Ornithomimidae have a digitigrade stance and long metatarsals. 


Illustration 143 : Comparison of the robust graviportal limbs of an Asian elephant with the more slender bones of a human 
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Graviportal limbs are specially adapted for supporting extreme body weight. Graviportal limbs have bones 
that are robust and heavy. Graviportal limbs also tend to have large feet with large fleshy pads. These big feet 
and pads provide a solid support base, and help to absorb impacts when walking. Graviportal limbs tend to be 
short and, when walking, their joints bend as little as possible. Elephants are modern examples of animals with 
graviportal limbs. 

Animals that almost always walk and run on two legs, like birds and adult humans, are termed 
obligate bipeds. Animals that almost always walk and run on four legs, like turtles and horses, are termed 
obligate quadrupeds. Some animals, like basilisk lizards, walk on all four legs, but rise on two legs to run. 
Such animals are termed facultative bipeds. Other examples of facultative bipeds include many primates, 
which may walk for short distances on their hind legs only, and kangaroos, which travel via bipedal hopping at 
high speeds, but walk on all fours at low speeds. It should be noted that the boundaries between these 
divisions are not always clear-cut: humans almost always walk bipedally, but we can certainly crawl on all four 
legs if we need to. Likewise, many quadrupedal animals can rear up onto their hind legs in order to reach food. 
For this reason, it is best to think of these words in terms of what the animal usually does. 

The ancestor of all dinosaurs was an obligate biped. Most dinosaurs remained adapted to carry a majority of 
their weight on their hind legs, and could probably at least stand on only two feet. Nevertheless, we classify 
Sauropoda, Stegosauria, and Ankylosauria as obligate quadrupeds, because, even if many of them could stand 
on two legs, it is unlikely that they frequently attempted to walk bipedally. Plateosauridae are tricky: many were 
probably bipedal, but whether or not they were obligate or facultative bipeds is not always easy to determine. 
Some small Ceratopsia were obligate and facultative bipeds, and larger Ceratopsia were obligate quadrupeds. 
Pachycephalosauria and Theropoda were obligate bipeds. Most small Ornithopoda were also obligate bipeds. 
Our understanding of the postures of large Ornithopoda, including Hadrosauridae and Iguanodontia, has 
changed over the years. Both of these groups have strong hind legs that are significantly longer than their 
front limbs. This indicated a bipedal stance. However, fossil footprints reveal a different story, and we will come 
back to that later. 



Illustration 144 : The caudofemoralis muscle of the Theropoda Carnotaurus 

(Digital reconstruction of the tail from the side) 



Illustration 145 : The caudofemoralis muscle of the Theropoda Carnotaurus 

(Digital reconstruction of a cross section through the tail with a vertebra in the centre) 

We can go a little bit deeper into the anatomy of dinosaur locomotion by looking at the muscles of their 
closest living relatives - birds and crocodiles. In crocodiles and many birds, there is a large muscle called the 
caudofemoralis. The caudofemoralis pulls backwards on the hind leg, and is important for powering birds and 
crocodiles when they walk and run. The caudofemoralis is anchored to the under surface of the ilium, to the 
caudal vertebrae, and to the chevrons. It attaches, via a tendon, to the femur. 

The femora of crocodiles and birds have a prominence of bone, called a trochanter, where the 
caudofemoralis muscle-ligament attaches. In addition to specially shaped ilia, caudal vertebrae, and chevrons, 
dinosaurs also have femora with these same trochanters. Therefore, we can be sure dinosaurs also had a 
caudofemoralis. 
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Based on the size of the various anchor points, we can also say that some dinosaurs, like many Theropoda 
and Hadrosauridae, had a large caudofemoralis relative to the other proportions of their bodies. This tells us 
that these dinosaurs were adapted for greater hind limb power, and were probably strong runners. We can 
even go a step further and compare the position of the muscle attachments. On most Theropoda, the 
trochanter is located high on the femur. A high muscle attachment would have allowed the caudofemoralis to 
retract repeatedly quickly - a useful adaptation for carnivorous animals that depend on their ability to swing 
their legs fast when sprinting after prey. On Hadrosauridae, the trochanter is located further down on the femur 
(as it is in most herbivorous dinosaurs). This would have reduced the speed at which the caudofemoralis could 
have repeatedly retracted, but would have granted the muscle better endurance, because each retraction would 
have pulled with greater leverage - endurance would have been important for an animal that needed to be 
constantly on the move, and grazing from one patch of vegetation to the next. 

5.3 Interpret Ichnofossils For What Type Of Locomotion Is 
Represented 

Ichnofossils are fossils that record traces of biologic activity. Fossil footprints, tooth marks, and burrows are 
all examples of ichnofossils. Fossil footprints provide the best direct evidence of how dinosaurs moved. To 
become fossilized, a footprint must first be made in soft mud. The mud must then dry out and harden. Then, to 
protect the hardened footprint from erosion, it must be buried but eventually reexposed, therefore, that 
paleontologists can identify it. Naturally, the odds of this sequence of events happening to any 
particular footprint are small. However, consider how many footprints one dinosaur could have made 
throughout the entirety of its life, and how many dinosaurs were alive during the more than 160,000,000 years 
of dinosaur rule. In fact, dinosaur footprints are not uncommon fossils. Often, where one fossil footprint is 
found so are many others. Sometimes an entire series of dinosaur footprints are found. These fossil 
footprint assemblages are called trackways. 



Early depictions often showed Iguanodontia and Hadrosauridae in kangaroo-like postures (see above). 
Studies of dinosaur trackways have helped to change our understanding of dinosaur posture and locomotion. 
For instance, it was once widely imagined that bipedal dinosaurs stood and walked in way not unlike the 
movie monster 'Godzilla' - with their belly and torsos held vertically above their hips. This posture would have 
tilted dinosaur tails downward, and caused a dinosaur's tail to drag behind it. 



Illustration 146 : Ornithopoda trackway 


Illustration 147 : Track preservation 


The three-toed footprints in this trackway are from the hind feet of an Key factor for assessing track maker identity and 

Ornithopoda, and the smaller, oval or crescent-shaped prints are from quadrupedalism in basal Ornithopoda 

the hands 

However, while fossil lizard and crocodile trackways often have tail drag marks, dinosaur tail drag marks are 
rare. We now know that most bipedal dinosaurs held their body in a more horizontal position, and that both 
bipedal and quadrupedal dinosaurs held their tails off the ground. 
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Based on evidence from ichnofossils, Iguanodon was a facultative biped, and would have carried its tail off the ground 

The trackways of Hadrosauridae and Iguanodontia have deep imprints left by their hind feet, and show that 
these dinosaurs carried most of their weight on their hind legs. However, the trackways of Hadrosauridae and 
Iguanodontia also record shallow tracks made by their front feet. They were probably facultative bipeds that 
walked on all fours most of the time, but likely reared up on only their back legs to run. 

Trackways can also be used to determine how fast dinosaurs moved. When we run, we tend to take 
long steps, and so do most other animals. As noted previously, longer strides enhance speed. From trackways, 
we can measure the lengths of dinosaur strides, and can usually estimate dinosaur leg lengths from the 
proportions of their footprints. From these two measurements, it is possible to estimate how fast a dinosaur 
was moving when its footprints were made. Unfortunately, because fossil footprints must be made in mud, and 
because animals seldom run at full speed when stepping through sticky muck, trackways tell us about dinosaur 
walking speed, and not usually about dinosaur running speeds. 



Illustration 148 : Ichnofossil from the Lower-Jurassic of Utah 


It preserved the imprint of a sitting or crouching Di/ophosaurus-Uke Theropoda dinosaur 

Finally, trackways can sometimes provide insights into other aspects of locomotion besides whether or not a 
dinosaur was quadrupedal or bipedal, or how fast it was moving. Some Theropoda trackways preserve long 
claw marks, and these are interpreted as 'swimming traces'. Other ichnofossiis preserve the imprint of a 
dinosaur's body while it was sitting! 

5.4 Evaluate The Evidence For Warm- Or cold-Bloodedness In 
Dinosaurs 

In many ways, the limb adaptations of dinosaurs are more similar to those of modern mammals and birds 
than they are to modern reptiles. Like birds and mammals, dinosaurs were likely 'warm-blooded.' The terms 
'warm-blooded' and 'cold-blooded' are antiquated, and can be misleading, as the blood of a 'warm-blooded' 
animal is not necessarily any warmer than the blood of a 'cold-blooded' animal. To avoid this confusion, we will 
use the term ectotherm to refer to 'cold-blooded' animals, and the term endotherm to refer to 'warm-blooded' 
animals. Ectotherms are animals that adjust their internal body temperatures through behaviors that depend 
on temperature differences within their environment. For instance, to warm up lizards bask in the sun, or on 
top of hot rocks, and to cool down, lizards seek out shade or cool burrows. Endotherms are animals that 
regulate their own body temperatures through metabolic processes. To warm up, endotherms burn energy to 
generate internal heat, and, to cool down, they may sweat or pant. 

Being an endotherm comes with a high cost. In order to maintain a constant optimal body temperature, 
endotherms must expend large sums of energy. Pound for pound, this means that endotherms most 
successfully consume a great deal more food than must ectotherms. Due in large parts to this significant 
drawback, most organisms are ectotherms, not endotherms. However, endotherms do have a few 
significant advantages. 
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1. Endotherms can survive in cold climates, where finding a warm place to absorb heat is 
impossible. 

2 . Endotherms are always ready for action. On a cold night or morning, before the 
external environment has had a chance to warm up, endotherms can function the same as 
they could in the middle of the afternoon, but ectotherms may be sluggish, making 
ectotherms easy predators to avoid or easy prey to catch. 

3 . Although activities like sunbathing may not waste valuable energy, they do waste 
valuable time. While ectotherms are forced to spend time basking in the sun, or sheltering in 
the shade, endotherms can be active. Although they pay an energy cost, endotherms also 
do not need to take frequent stops, and can maintain high activity levels. 

The limbs of dinosaurs, which appear well adapted for the more active lifestyle of endotherms, are one of 
many arguments supporting the conclusion that dinosaurs were endotherms. Other evidence comes from the 
discovery that some dinosaurs had simple hair like feathers. Endotherms benefit from insulating integument to 
help hold in the body heat that they burn energy to produce. When it comes to being large land-living 
carnivores and herbivores, endotherms tend to outcompete ectotherms (think about how few large 
modern reptiles there are compared to mammals). Therefore, the overall pattern of dinosaur ecological success 
is most consistent with the pattern that would be expected for a group of endotherms. 



Illustration 149 : Thin section of a Hadrosauridae limb bone 


The bones of dinosaurs also support the conclusion that they were endotherms. Histology is the technique 
of slicing samples of bones into very thin sections, such that the internal structure of the bone can be observed 
under magnification. Bone cells are called osteons. We know from studies of modern animals that endotherms 
grow their bones more quickly, and have their osteons arranged in a different pattern than ectotherms. 
Dinosaur histology studies show that dinosaur bones grew fast, and that dinosaur osteons were arranged like 
those of endotherms. Although it seems clear that many small feathered dinosaurs were endotherms, there is 
still debate over whether all large dinosaurs were endotherms. It has been suggested that, instead of being 
endotherms, large dinosaurs were gigantothermic. As any shape increases in size, its surface area increases 
more slowly than its volume. This is called the cube-square law. Larger animals, therefore, have relatively 
less surface area than do smaller animals. It is theorized that, even if big dinosaurs were ectothermic, their 
low ratio of surface area to volume would have prevented them from losing significant heat to the 
outside world, and thus they could have lived active endothermic-like lives without actually needing to produce 
body heat by burning energy. However, the theory of gigantothermic dinosaurs remains to be proven and lacks 
supporting evidence. 


-88- 




Birth. Growth and Reproduction 


Dinosaur Paleobiology 


1 Eggs 



I am standing in front of Camarasaurus, a giant Sauropoda that could have weighed as much as 10 tons. 
However, this Camarasaurus, like all vertebrates, would have started out life as a single cell, a fertilized egg. 

How did it get to a single cell to something the size of a house? How did two 
house size animals manage to conceive and fertilize more eggs? 

In this lesson, we will look at the birth, growth, and reproduction of dinosaurs. 

Which came first? The chicken or the egg? 

Paleontologists would say the egg. Long before chickens evolved, land dwelling animals developed the ability 
to lay hard-shelled eggs. This was very different from the fish and amphibians that had dominated the planet 
up to that point in time. Both of these two groups laid eggs without a protective shell. 

Can you think of the possible benefits of laying an egg with a hard shell? 

We can postulate a few advantages for this adaptation. There is water retention and protection from 
predators, to name a couple, but a disadvantage would be the impact of a hard shell on 0 2 -exchange. All living 
cells need 0 2 . The first eggshells likely developed, because land is so dry. Eggs, which are laid in water, like 
those of a fish or a frog, are surrounded by water, and, therefore, will not dry out. Have an egg on land will dry 
out very quickly, hence the need for an eggshell. As animals became terrestrial, spending more and more time 
out of the water, those animals, which could lay hard-shelled eggs, had an advantage. They could live farther 
from water, and they did not have to return to water to lay their eggs. 

Dinosaur inherited this hard-shelled egg laying ability. Even so, hard shells had to remain relatively thin in 
order to facilitate oxygen exchange with the air. Therefore, even hard-shelled eggs remained susceptible to 
predators. Even today, when you crack eggs to your breakfast, you realize, it is very easy to get into a 
hard-shelled egg. 

Take a guess at which of these dinosaur families laid the biggest eggs that we 
know of. 


A) Ceratopsia C) Sauropoda 

B) Stegosauria D) Theropoda 

The answer is actually D, the Theropoda. The largest known egg belonged to an Oviraptorosauria from the 
'Henan and Hubei' regions in China. The eggs from this dinosaur were V 2 m long. Although Sauropoda were 
undoubtedly bigger, they did not produce the largest eggs that we currently know of. 

Although many types of eggs have hard shells, they are not a sealed system. Rather than being like a piece 
of sealed 'Tupperware' where nothing gets in or out, eggs are more like sieves, where certain small things can 
pass in or out. For example, while an embryo is inside the egg, its cells are using up 0 2 , and producing C0 2 . If 
that egg was impermeable, the embryo would use up all of the 0 2 inside the egg and suffocate. Instead, an 
eggshell has very small pores that allow 0 2 to come in and C0 2 to go out. You can think of an eggshell as a sort 
of lung allowing the exchange of 0 2 and C0 2 . 
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However, as eggs get bigger, the inside volume gets larger much faster than the surface area. This principle 
called the cube-square law. This law has already been mentioned in this lesson, and we will see it come up 
again in a few other places. Basically, the surface area of the egg, or the eggshell, and the inside volume of the 
egg have a relationship. As the egg increases in size, the surface area gets relatively smaller in comparison to 
the volume. As an egg gets bigger, it is essentially outgrowing its lungs. If the lungs are too small, the egg 
cannot breath properly, and it will suffocate. Because of this, there is essentially a maximize size that an egg 
can get, no matter how big the dinosaur might be that laid it. 

2 Young Dinosaurs 

What are some common features of newborn dinosaurs? 

Think about a human baby, and compare how they look to an adult. 

How might an infant dinosaur be different from an adult dinosaur? 

Select all the answers you think might be correct. 


A) 

They have less prominent facial 

C) 

Smaller size 


extrusions 

D) 

Shorter relative limb length 

B) 

Larger eyes 

E) 

A larger head 


In fact, all these things are features that are different between infants and adults. Babies most often have a 
relatively different set of physical characteristics when compared to their adult forms. One of the most obvious 
differences is that babies are much smaller than adults are. However, after compensating for their size, things 
like the size of the eyes, and length of the limbs relative to the body, are things that change through time. As 
well, most babies have less permanent features, such as smaller noses, and less prominent brows. As we will 
see, this holds true for many dinosaur species we know about. Therefore, all of the answers are correct. 

2.1 Ontogenetic Changes 

When babies of any kind of vertebrate are born, they often have many distinctive and different features 
compared to their parents. Think about those baby puppies with their huge eyes. Newborn eyes in all 
vertebrate species are relatively large compared to adult facial proportions. As well, most vertebrates have 
relatively short limbs when they are born, and as they grow into adulthood, their limbs grow much faster than 
the rest of their bodies. These changes in characteristics of an organism, as they grow, are called 
ontogenetic changes. Ontogenetic changes can lead to incredibly large differences between a newborn and an 
adult. 

2.1.1 Non-Isometric Ontogenetic Changes 



Illustration 150 : Youth Triceratopssku\\ 


Take a look at the skull of a relatively young Triceratops. You will notice that its frill and horns are 
rather small, and not at all enormous heavy things like those that we see in the adults. The horns and frill have 
grown much faster than the rest of the body as they age. Most Ceratopsia probably started off life with 
small horns and frills, and then took on many of their exaggerated and distinctive features, as they grew into 
adulthood. 

In order to understand how significant ontogenetic changes are within a dinosaur species, we need to have 
fairly complete skeletal remains of both adults and the infants of the same species. As you can imagine, 
acquiring both, skeletons of young and old specimens of the same species, can be quite challenging. 
Sometimes, though, we get lucky. Hiking through the bad lands of Alberta, I made many exciting, wonderful 
discoveries over the years, but this one is one of my favorites. 
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When I found the skull, this was the edge of the cliff. In a few more years, this skull would have been 
destroyed by erosion from this side. Therefore, there were two chances this skull was going to be destroyed, 
but we were very lucky in that this skull was sitting exactly between the sinkhole and the edge of the hill. The 
skeleton stretched between the sinkhole, the edge of the hill and went back into the hillside, but we would not 
have found that either if, in fact, that skull had not been eroding out slightly. We were very, very lucky to get, 
what we did. We took the specimen back to the laboratory at the University, and as we turned it over, we 
realized that there were many other things to be discovered in this specimen. 


In the summer of 2010, I was going up cliff side, arjd I saw the edge of the frill, coming out of the cliff. 
Moreover, when I looked at it I thought, you know, that-'kind of looks like a Ceratopsia skull, but I realized that 
my chances of finding a skull that small were not very .good. I rationalized to myself, this was probably a turtle 
rather than a skulf’at all, but I kept at it, and by the^'end of the day, /I had uncovered most of the skull, and 
there was no question this was one of the most exciting discoveries w@ have made in recent years. 

Baby dinosaurs are a rare all the time, but ba.by Ceratopsia dinosaurs are incredibly rare, we have never 
found one this/small. The specimen just kept getting better, because we worked on it, realized that the 
protiba columrywas there, we started to find ribs; followed the protlba column right back to the end of the tail, 
and we found.-ihe hind legs. One is right here, the left one. The right leg is tucked underneath. 


What was'a bit of a surprise though, is we did not find the front limbs. We realized though, it is because the 
sediment here had been replaced by sediments that are more recent. Apparently, what had happened was 
many years ago, a sinkhole cut through the badlands at this particular level. A sinkhole is like a cave that 
transmits water, and the water, of course, erodes all the sediments around, and the sinkhole is like a well that 
goes deep into the cliff, well down below. The sinkhole had cut away, or eroded, the front limbs. In fact, it had 
cut right to the edge of the skull, and if it had continued cutting before it was filled in, that sinkhole would have 
eroded the skull away too. 
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For example, this region here has not been prepared of completely, because at this level we have 
very subtle indications that this is the skin of the dinosaur that has been preserved as impressions. 



When we use low light on this, we can see the scales highlight much better, and we can see there are 
large scales surrounded by rosettes of small scales. It is a fairly common way to find skin of plant eating 
dinosaurs in 'Dinosaur Park/ but in particular with Chasmosaurus. Therefore, this baby has the same kind of 
skin as the adults. It is just that the scales are different sized. 

This specimen tells us a lot about how Ceratopsia dinosaurs developed. For instance, it tells us that, by 
comparison to the adults, the babies were really cute. The proportions of the face strongly influence how cute 
we perceive it to be. As explained, baby animals tend to have eyes proportionately larger in comparison to the 
entire of the skull than the adults do. This baby Ceratopsia was no exception. Its large orbits indicate it had 
large eyes, and big eyes make the face look cute. You can also see that there is not much of a horn developed 
above the eyes. It is basically just a little nub in the bone, to show that the horn will be there in the adult. That 
raises the question. 

If it does not have a horn, how did this cute, sheep-sized baby manage to avoid 
being eaten by the not-so-cute predators, like Tyrannosauroidea and 
Dromaeosauridae? 

Although this particular baby was found by itself, more fragmentary skeletons of other young Ceratopsia 
have been found mixed in amongst the bones of adult Ceratopsia dinosaurs. This indicates that Ceratopsia lived 
in groups. Therefore, it seems that horned dinosaurs did not grow their weapons until they were big enough to 
use them. While they were small, the youngsters were protected by their full grown and offensively adapted 
parents. 

The changes in the relative size of the orbits and the lengths of the horns of Ceratopsia as they age are 
examples of what we call non-isometric ontogenetic changes. Similarly, in dinosaurs like Tyrannosauroidea, the 
tibia was much longer than the femur in the juveniles. Therefore, when we look at a Tyrannosauroidea hind leg, 
the tibia would be longer than the femur. Flowever, in Ceratopsia the proportions change isometrically, meaning 
they grew larger in absolute terms, but maintained the same proportions. Unlike Tyrannosauroidea, the length 
of the Ceratopsia hind leg does not change as much. That is, the tibia, which is about the same length as the 
femur in this baby, is also about the same length as the femur in the adults. This is something that is 
very different from what we see in the carnivorous dinosaurs. 

2.2 Dinosaur Parenting 

How did dinosaurs care for their young, if at all? Where they caring, 
doting parents showing a high degree of parental care, or did they drop their 
eggs and leave the infants to their fate? 

Select the answer, or answers you think are correct. 

A) A high degree of parental care B) A low degree of parental care 

The answer is probably both. Some groups of dinosaurs probably devoted a lot of time to care for their 
young, like Theropoda and Fladrosauridae. However, some groups may have laid their eggs, and left the young 
to their own devices like Sauropoda. Therefore, both A and B are correct, but it depends on which 
dinosaur group we are talking about. 
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Dinosaur parental care is one aspect of paleontology that is very poorly understood. However, we can take 
some cues from birds and crocodiles. Birds, as most people know, often show a high degree of parental care. 
However, what many people may not realize is that crocodile mothers also show a great deal of care for their 
young. Baby crocodiles will often stay with their mothers for several months, sometimes riding in mom's jaws. 
Because and both, crocodiles and birds, provide so much care for their young, we can infer that some dinosaurs 
likely exhibited the same behavior. 

As well as looking at living animals, there are incredible examples in the fossil record that demonstrate 
dinosaur parental care. For example, there are several specimens of Oviraptor found sitting on top of the 
egg nest. We can infer that these specimens were incubating their eggs, just as modern birds do. 

However, there are some fossil finds that seem to imply a 'lay them and leave them' strategy. In Argentina, 
dozens of nests from a species of giant Sauropoda have been found together. These nests are so close 
together, that it would have been impossible for a mothering dinosaur to stay near her nest without trampling 
the surrounding nests. 

This seems to suggest that Sauropoda dinosaurs may have developed the same nesting strategy seen in 
modern day sea turtles. Turtles lay their eggs in concentrated areas on specific beaches, and the entire eggs 
hatch at once. When these babies emerge from the sand, there are so many of them, that the predators cannot 
eat them all. Inevitably some baby turtles survive the rush of predators, and the species live on. 

Sauropoda were very large, and because they were so big, they are able to lay many eggs at one time. Like 
turtles, when baby Sauropoda hatched, inevitable some would survive even without their mothers watching 
over them. Though this is not great parenting, it is an excellent evolutionary strategy. 

Now lets take a look, at how these tiny babies could grow up to be such gigantic parents. 

2.3 Dinosaur Growth 

How many years do you think it took, for a dinosaur to reach adulthood? 

1 . 20 years 3 . 100 years 

2 . 50 years 

Large Theropoda like Tyrannosaurus rex had very high growth rates, and may have reached maturity by the 
age of 20. Therefore, A is the correct answer. 

Dinosaurs are unquestionably the largest land animals ever. However, we just talked about how small 
dinosaur eggs are, relative to their parents. 

How do you go from a tiny baby, who weighs about as much as a gallon of milk, 
to something that weighs as much as a herd of cows? 

As always, the place to start looking is the bones. It is in a histology lab where we take dinosaur bones and 
cut them up into pieces. Though we may be destroying some bones, we are actually releasing knowledge, 
which is otherwise trapped inside them. If you remember from the previous lesson we talked about the 
micro-structure of bones, and how they are made of small cells called osteons. As the dinosaur grows, it adds 
more osteons to the outside of the bone. During harder parts of the year, possibly during cold or 
drought conditions, the dinosaur may not have enough food, and, therefore, its growth would slow down. This 
creates rings inside the bones, analogues to those you would find in a tree. These rings are called 'Lines of 
Arrested Growth/ or LAGS for short. 



Illustration 151 : Lines of Arrested Growth 

Here you can see a sample cross section of a bone. We count the LAGs to determine the age of the dinosaur 
this bone came from. By slicing up bones of animals at different growth stages, we can calculate how big an 
animal was at a certain age, and from there determine how quickly the dinosaur was growing. Usually we use 
long bones, like the arm and leg bones, as they are usually the most reliable source of LAGs. 

Dinosaurs grew quickly. Large Theropoda, like Tyrannosauroidea, could have reached adult size in 20 years. 
Giant Sauropoda may have taken a bit longer, but were still sexually mature at 30 years of age. This would 
mean these Sauropoda were gaining weight at a rate of 2 k9 / day . 
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What happened when these animals grew up? What happened when they 
reached sexual maturity? In addition, what do we know about the differences 
between males and females? 

The answers are coming up. 

3 Males & Females 

In many modern animals, there are distinct differences between males and females. This is called 
sexual dimorphism. 

Which of the following is an example of sexual dimorphism in modern animals? 

Multiple answers may be correct. Check all the answers you think are correct. 

A) Older male buffalo are bigger than younger males 

B) Male caribou have antlers 

C) Male umbrella birds have elaborate feathers to display to females 

The correct answer is C. When it comes to A, we cannot just look at different sizes of the younger and 
older buffalo. The different is one of age, not sex. In various species of deer, it is often only the males that 
grow antlers. However, in caribou, both sexes can have antlers. This example serves to remind us that, while a 
structure like antlers in one group of animals may be a sign of dimorphism, the same might not apply to all 
species in the group. In umbrella birds, the males have amazingly complex feathers that allow them to dance 
and display to the females, in hopes of finding a mate. This is a good example of sexual dimorphism. 

Do you know which of these two birds is the male, and which is the female? 



Peacocks are relatively easy to tell apart, as the males have elaborate feathers and coloration that sets them 
apart from females. The proper terminology for this is sexual dimorphism. The entire meaning is that the males 
and females look different. Even among humans, it is typically easy to tell the difference between a male and a 
female, although human males do not take this to quite the extreme than a peacock does. Therefore, some 
things are relatively obvious when it comes to sexual dimorphism. In these peacocks feather coloration is one of 
the most obvious things we can think of when it comes to dimorphism. However, there are many other ways 
that dimorphism might manifest itself. For example, we see that in male hoofed animals, such as moose and 
most other deer, grow enormous antlers shortly before mating season. 

There have been many proposed cases of sexual dimorphism in dinosaurs. So far, almost all of them have 
been fairly ambiguous. Male and female Ceratopsia, for example, have been suggested to have different 
horn shapes and sizes. However, because many Ceratopsia are known from single specimens, it becomes hard 
to say anything definitive about sexual dimorphism. 
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Illustration 152 : Confuciusornis 


One case of differences in males and females that is much more obvious is that of the Cretaceous bird 
Confuciusornis. This small bird from China often has preserved feathers, and there have been several dozen 
specimens found. Some specimens, thought to be the males, have a long pair of tail feathers, while the other 
form, thought to be femaie, lack these very distinctive feathers. Although we cannot be certain at this point as 
to which is the male and which is the female, the pattern of gaudy males and more demur females is 
relatively common among modern birds. 

Although cases of obvious sex specific structures in dinosaurs are very rare to find. There is another way 
that we can tell if a dinosaur is female. This, once again, relies on bone histology. A chicken is a good example 
of a modern day dinosaur. It lays eggs just as dinosaurs did. However, laying eggs, just like any form of 
reproduction, is a costly endeavor. The female dinosaur would have had to put a lot of energy and resources 
into producing eggs. In particular, eggshells require a lot of Calcium carbonate, the same basic mineral found in 
the skeletons of all vertebrates. This eggshell forms inside the body cavity of the dinosaur, meaning that the 
dinosaur had to have had enough extra Ca in its body to create the shell. 

Where might a dinosaur get this extra Ca? Where do you think a 
female dinosaur gets the Ca it needs for its eggs? 

Check all the answers you think apply. 

A) By eating Ca rich foods C) From it's bones 

B) From it's bloodstream 

The correct answer is C. Although a dinosaur gets Ca from the food, and the Ca does travel through the 
bloodstream, most of the Ca that goes into eggshell creation comes from Ca stored in the dinosaur's bones. 

Egg laying presents a serious trade-off. When a dinosaur produces an egg, it can steal Ca from its bones to 
make the eggshell as hard as possible, which in turn makes its bones much weaker. Alternatively, it could retain 
more Ca in its bones, keeping itself healthier, but producing an egg with a thinner shell that is more likely to 
crack, killing the embryo inside. The way dinosaurs manage to get around this problem, essentially keeping its 
own bone strong or producing strong eggshells, is through the development of a unique type of bone called 
medullary bone. 

In the months before a dinosaur lays its eggs, it will store up Ca in the hollow spaces inside its bones. If you 
remember from the module on anatomy, most dinosaur bones had spaces inside of them. We call these spaces 
marrow cavities. Dinosaurs would accumulate the main bone in this space, storing it up for future use. When 
the time came for dinosaurs to lay eggs, instead of stealing Ca from the parts of the bone supporting the 
animal, they could use this stored Ca to create strong eggshells, while maintaining healthy bones. Of course, 
only females would need this Ca store. In living birds, we only find this type of Ca store in egg-laying females. 
This evidence in the bones of dinosaurs can then be used to tell males and females apart. Of course, the 
technique is not foolproof, as only female dinosaurs that are preparing to lay eggs, not juveniles or ones that 
just recently laid eggs, show medullary bones. Nevertheless, it is one of the best methods we have for telling 
males and females apart. 
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Illustration 153 : Sauropoda osteoderm 


We do have an example of one other type of bone that likely aided in the production of eggshells. This 
enormous osteoderm was found with a Sauropoda called Rapetosaurus. We believe that this bone formation in 
Rapetosaurus' skin was used to store minerals like Ca. Previously, osteoderms like these were thought to have 
only evolved for defense, but this osteoderm is incredibly thin and hollow, making it an unlikely candidate for 
armor plating. However, since it could have been used to store medullary bone, we think that the Rapetosaurus 
this osteoderm came from was female. 



Illustration 154 : Dinosaur eggs 


Finally, in the past decade there have been two separate fossils found that we can tell are females. In both 
these fossils, the eggs are still inside the mother, and they are ready to be laid. Dinosaur eggs have 
different shapes, but this particular kind of dinosaur egg is elongate. That is so the eggs could be laid two at a 
time. We know that in modern birds there are two functional oviducts, and that modern birds can also lay 
two eggs at a time under some circumstances. Most of the time, though, birds do not lay two eggs at a time, 
whereas dinosaurs most of the time were laying two 'side by side,' then they would lay a separate pair beside 
those and a separate pair beside those. 

Now we have skipped over one very important step on our way from a baby dinosaur hatching out of an egg 
to a sexually mature dinosaur laying an egg, and that is dinosaur sex. Because dinosaurs laid eggs with 
hard shells, we know these eggs would have had to be internally fertilized. 

How did two Sauropoda, or worse two Stegosaurus, manage to have sex? 

Here again, because we cannot observe dinosaur behaviors, we have to take our best guess, based on the 
animals around us. We can certainly observe how crocodiles and birds mate. This gives us insight into how 
dinosaurs may have made it. Although we do not know exactly how a male and female Stegosauria would have 
gotten together to fertilize their eggs, we do know that they were very successful at it. They, like species of 
other odd and dangerously shaped dinosaurs, were around for millions of years, generation after generation. 
Thanks to the use of a number of novel techniques to study dinosaur fossils, as well as some pretty incredible 
finds, our understanding of dinosaur birth and reproduction has grown immensely. We can only wait and see 
what the future will bring us. New discoveries in paleontology are being made at an incredible rate. 
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4 Learning Objectives 

4.1 Describe The Characteristics Of A Dinosaur Egg 

A little over 312,000,000 years ago (long before the evolution of dinosaurs or mammals), a major milestone 
in Tetrapoda evolution was reached; the amnioticegg. Prior to this adaptation, all Tetrapoda laid eggs that 
were similar to those of modern frogs and salamanders, and could not retain water. Such eggs would dry out 
and die if not laid in a wet, humid place. Amniotic eggs are different. They have encapsulating membranes that 
are watertight. Animals that lay amniotic eggs are called amniotes. Being able to hold in their own water, 
amniotic eggs can be laid in dry habitats. This allowed amniotes to colonize new terrestrial environments. The 
membranes of amniotic eggs also became adapted to form tough leathery or hard shells. Shells improved 
amniotic eggs' ability to hold in water, and also made the eggs more durable and less vulnerable to 
small predators. Mammals, birds, dinosaurs, and reptiles are all amniotes. Although most extant mammals do 
not lay eggs, mammalian embryos still have membranes that cover them while in the uterus. 

Although amniotic eggs are watertight, they are not airtight. If they were, the eggs would suffocate. As the 
living cells inside an egg grow and develop, they consume 0 2 and produce C0 2 as waste (just as all animal cells 
do). This C0 2 -waste needs to go somewhere, and fresh 0 2 needs to be constantly supplied. Even hard eggshells 
are covered with tiny holes that permit gasses to be exchanged between the inside of the egg and the 
outside world. This need to breath places a limit on how big eggs can be. 

Recall the cube-square law - as any shape increases in size, its surface area increases more slowly than its 
volume. Although truly enormous dinosaur eggs are often depicted in cartoons and poorly-researched SF, the 
largest known dinosaur egg is only 0.5 m long, and most are much smaller. Eggs that are much larger than this 
are not possible, because the amount of 0 2 that a dinosaur developing inside an egg requires is a function of its 
volume, while the rate at which 0 2 can be exchanged is a function of the eggshell's surface area. Giant eggs 
would have a low ratio of surface area to volume and would die. 

4.2 Define Terms Related To The Gross Anatomy And Histology Of 
Bones 

Hatching from relatively small eggs meant that baby dinosaurs had a lot of growing up to do. Bone histology 
has helped paleontologists to understand dinosaur growth rates better. Recall that bone cells are called 
osteons. As animals grow their bones, they add osteons to their bones' outer walls. However, the rate at which 
osteons are added is not always the same, and varies with changes in growth rates. During seasonal periods, 
when resources needed for growth are scares, such as during winter or the dry season, growth may slow down. 
This creates rings inside the bones, analogous to those of a tree trunk. These rings are called lines of 
arrested growth, or LAGS for short. By studying LAGS in young and old dinosaurs, we can determine how 
long it took a dinosaur to grow to a particular size, and at what speed a dinosaur grew. It turns out that 
dinosaurs grew fast. It is estimated that a Tyrannosaurus rex grew to its adult size in only 20 years. Even 
large Sauropoda only took 30 years to fully mature, and they are estimated to have gained an average of one 
to two pounds every day! 



Illustration 155 : Cross-sections (Ulna, Tenontosaurus ) 

A and B: Cross-sections through juvenile's ulna C to H: Cross-sections through sub adult's ulna 

The bones of younger dinosaurs are characterized by having high vascularity (many blood vessels) and a 
texture we call lamellar bone. LAGs formed later, as dinosaurs grew. 
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Illustration 156 : Cross sections through the ulna of two adult Tenontosaurus, showing remodeled bone 

Many LAGs are visible in A. In B, the LAGs get closer and closer together, towards the top, indicating that growth is slowly in this dinosaur, 
and an EFS is forming 

More mature dinosaur bones then underwent a process called remodeling, where the old bone cells were 
replaced by newer bone cells. This kind of bone is called haversian, or secondary bone. Finally, as growth 
slows and then finally stops, a closely spaced series of LAGs is formed, which is called the external 
fundamental system (EFS). The presence of EFS indicates that the dinosaur is skeletally mature, and has 
stopped growing. 

4.3 Evaluate The Evidence For Identifying Individual Dinosaurs As 
Juveniles Or Adults 

Some newborn or newly hatched animals look like tiny versions of their parents, and others look different in 
a few particular ways. For instance, newborn human babies have heads that are large relative to the 
overall size of their bodies, and eyes that are large relative to the overall size of their heads. As humans grow 
up, the relative proportions of our bodies, heads, and eyes gradually approach those of their parents. Changes 
in the form of an organism that occur as it matures are called ontogenetic changes. 

Big heads and big eyes are common traits of young animals. Baby dinosaurs also had relatively large heads 
and eyes. Some dinosaur ontogenetic changes were more dramatic. For instance, the crests of many 
Hadrosauridae were not present in very young individuals, but grew gradually as the dinosaurs reached 
maturity. Some ontogenetic changes involve the growth of entirely new structures. It seems that many 
baby Ankylosauria hatched with little or no armor, and with no tail cubs. Ankylosauria body armor and tail clubs 
did not grow until later in life. 



Illustration 157 : Skull of baby Chasmosaurus, alongside 

the Jaw of an adult Ceratopsia Illustration 158 : Skull of an adult Chasmosaurus 

Changes in the relative proportions of an animal as it grows, that are not simply changes resulting from a 
general increase in size, are called non-isometric ontogenetic changes. The changes in the relative lengths of 
the horns and frills of Ceratopsia are examples of non-isometric changes. Take a look at the skull of 
baby Chasmosaurus, and compare it to the skull of a fully-grown Chasmosaurus. The frill on the adult 
Chasmosaurus is proportionately much longer compared to the juvenile. The frill in Chasmosaurus grows at a 
faster rate than the rest of the skull, resulting in a longer frill in the adult. If the frill grew at the same rate as 
the rest of the skull, then the proportions would be the same in juveniles and adults. The baby also lacks a 
nasal horn, which is present in the adult, which shows that the nasal horn only appears later during growth. 
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Another example can be seen in the legs of dinosaurs like Tyrannosaurus, where the tibia was much longer 
than the femur in juveniles, while in adults the tibia and femur were close to the same length. Isometric 
ontogenetic changes are changes in absolute size, but not proportions. For instance, unlike in Tyrannosaurus, 
the length of Ceratopsia hind legs changed proportionally as the animal grew. That is, the length of the tibia 
relative to the length of the femur of a baby Ceratopsia was nearly the same as the length of the tibia relative 
to the length of the femur of a full-grown adult. 

4.4 Evaluate The Evidence For Determining Whether Or Not A 
Dinosaur Was Male Or Female 

Males and females of the same species are different - this is called sexual dimorphism. Sexually 
dimorphic features of the skeleton are usually subtle, but can be extreme. Consider the massive antlers of a 
bull moose, which are entirely absent on females. As with the antlers of moose, it is common for sexually 
dimorphic features to be ontogenetic changes (after all, an animal usually does not reproduce immediately after 
it is born or hatches). Sexual dimorphism is difficult to identify in dinosaurs. For example, some paleontologists 
have suggested that the Ceratopsia Protoceratops was sexually dimorphic, because some specimens have wider 
frills than others do, even though their heads and bodies are about the same size. Flowever, it is hard to be 
certain that the wider-frilled Protoceratops are not simply older individuals, or that they represent a 
different species (a problem we will come back to later), and not all paleontologists agree with the 
sexual dimorphism interpretation. Another example is the ancient bird Confuciusornis, some specimens 
possessed extra-long tail feathers. 

Sometimes, adult dinosaur bones are associated with nests and eggs. If a dinosaur skeleton was found with 
eggs preserved inside its body cavity, this would probably be pretty good evidence that the dinosaur was a 
female. Flowever, we would have to rule out that the eggs are there because of other reasons - perhaps the 
dinosaur had eaten them, or they had washed in after death, and the association is just a coincidence. 

In some very rare and spectacular cases, dinosaurs have been fossilized while sitting on, ('brooding' or 
incubating) a nest of eggs. We often think that female birds do all of the brooding, but in fact many male birds 
spend a lot of time looking after eggs, and, therefore, a dinosaur sitting on a nest of eggs could be a male or a 
female. A recent new approach seems to have solved the problem of identifying a dinosaur's sex, at least for 
some specimens. Laying eggs with hard shells requires a female to donate a large quantity of Ca. In 
preparation for this donation, female birds grow medullary bone. Medullary bone contains concentrations of 
Ca that are stored prior to eggshell development. Studies of bone histology work can identify medullary bone, 
and, because only female birds produce eggs, the presence of medullary bone shows that a particular specimen 
is a female. 

The application of this technique is limited, because medullary bone is only grown by females prior to 
egg production and is not present at other times. Theropoda bones without medullary bone therefore could be 
from a male, or from a female that was not getting ready to lay eggs. 

4.5 Evaluate The Evidence For Or Against Parental Care In 
Different Groups Of Dinosaurs 



Illustration 159 : Parental care 


Hypacrosaurus tend their hatchlings in shallow nests, and protect them from marauding Troodon. Hadrosauridae hatched with flat heads, 
and did not develop crests until they became much larger 
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Were dinosaurs devoted parents that spent large amounts of time and energy 
caring for their young, or did they simply lay their eggs and leave their 
offspring to fend for themselves? 

Understanding dinosaur parental care is hard, because fossil evidence usually provides few clues about an 
animal's family values. As the closest living relatives of dinosaurs, modern birds and crocodilians, may offer 
some insights. Many birds not only care for their eggs, but also feed and protect their young after they hatch. 
Crocodilians also tend to be good parents. Female crocodiles guard their nests, and, although they do not 
provide their hatchlings with food, also protect their young for an extended period of time after they hatch. 



Illustration 160 : Breeding Nemegtomaia 

This specimen of the Oviraptorosauria Nemegtomaia was found sitting on top of its nest of eggs 

Skeletons have been found of Oviraptorosauria (a kind of herbivorous Theropoda) positioned over top of 
their egg-filled nests. It appears that these dinosaurs were fossilized in the processes of incubating their eggs, 
and it seems likely that they were also guarding their nests. Often the skeletons of young dinosaurs are found 
alongside the skeletons of adult dinosaurs, and this suggests that these dinosaurs lived together as a 
family group. Therefore, many dinosaurs do appear to have devoted considerable time and effort to 
parental care. 

However, other lines of evidence indicate that some dinosaurs had adaptations that allowed them to avoid 
parental care completely. Return to our thinking about the cube-square law, and the limitation that it imposes 
on the potential size of dinosaur eggs. Now, recall that Sauropoda include the largest of all dinosaurs. Some 
giant Sauropoda weighed more than ten adult elephants, but laid eggs no bigger than a basketball. Although 
mother Sauropoda could not lay big eggs, they were able to lay many eggs. Fossil nests of Sauropoda from 
Argentina show that herds of them also laid their eggs all at the same time and at the same place. These mass 
nesting grounds have the individual nests too close together for a mother Sauropoda to have attended to her 
eggs without stepping on the nest of a neighbor. It seems likely that they were using a strategy called 
predator satiation. To produce a new generation of Sauropoda, only a tiny fraction of the eggs that were laid 
needed to hatch and grow into adults. Rather than investing time into guarding and rearing their young, they 
simply produced so many offspring at one time that predators would not have been able to eat them all before 
they matured. This same strategy is used by many modern sea turtles. 
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Attack And Defense 

1 Defensive Adaptations 

In this unit, we will be talking about dinosaur behaviors. To start off, we are going to focus on behaviors 
that pertain to catching prey and fending off predators. Now, behaviors do not fossilize, therefore, we need to 
be creative in finding ways to test for possible actions and reactions in dinosaurs. Even though as 
paleontologists we work on extinct animals, we use living animals as guides to what behaviors dinosaurs might 
have had. In this module, we will be spending a lot of time looking at behaviors and adaptations in 
modern animals. We will also examine specimens from our zoology museum here at the 'University of Alberta.' 
First, we are going to talk about interactions between members of different species. How do predators acquire 
prey, and how does prey avoid being eaten. Later, we will talk about some of the ways animals interact with 
members of their own species. 

It is hard to be near the bottom of the food chain. Here a list of adaptations and 
behaviors. Check the items that would allow an animal to avoid being eaten by 
predators. 


A) 

Make yourself look bigger 

E) 

Be good at hiding 

B) 

Make yourself smell or taste bad 

F) 

Have defensive armor or horns 

C) 

Live in a large group 

G) 

By being quick 

D) 

Have a good sense of sight, 
smell, or hearing 




In fact, all of these are great answers. There are many ways to avoid predators, and certain strategies work 
better in certain situations. Let us look at each of these various defensive strategies in turn. Some animals use 
armor to avoid being eaten. Hard shells make it difficult for predators to weaken or cripple something like a 
turtle. Armadillos, crocodiles, and some lizards have bones in their skin called osteoderms, just as some 
dinosaurs had. Pangolins, which are mammals, have modified hair that looks like scales. 

Avoiding detection with camouflage is one of the best ways to avoid being eaten. Small animals, like lizards, 
birds, and small mammals, often blend seamlessly into the background and are tough for predators to spot. 

1.1 Defensive Adaptations In Fossils 

Given the inherent limitations of studying fossils, which of the following 
adaptations for avoiding predation do you think we can correctly identify in 
dinosaurs? 


Multiple answers may be correct, so check each answer you think is 

right. 


A) 

Warning displays 

E) 

Camouflage 

B) 

Fighting with weapons like horns 

F) 

Armor 


or spikes 

G) 

Chemicals or bad odors 

C) 

Herding 

H) 

Speed 

D) 

Keen eyesight or hearing 




In general, skeletal adaptations, such as horns, orbit or ear size, armor or leg length, can be detected in the 
fossil record. Some things can potentially be preserved like her behavior when we find a lot of skeletons or 
footprints together. Things that are only behaviors like warning displays, camouflage, or chemical odors, which 
would not be part of the skeletal structure, cannot be identified. Therefore, answers B, C, D, F, and H are 
correct. 

Some things, like armor, are easy adaptations to see in the fossil record. Even things like eyesight and 
hearing can be determined by looking at the size of the orbit, or the structure of the inner ear. Likewise, we can 
estimate the speed of an animal by looking at the shape of its limbs and then comparing them to 
modern animals. Although behaviors do not fossilize, the structures necessary for some behaviors do. For 
example, although we cannot observe a dinosaur using its horns for defense, we can see that it has horns, and 
we can potentially find evidence of combat in scars left on bones of other creatures. Finally, we can make 
educated guesses about hurting behavior when we find large accumulations of dinosaur skeletons, or find 
track ways from many individual dinosaurs of the same species in the same place. 

However, it is important to note that, because we cannot directly observe how fast dinosaurs move, or if 
they heard, we can only develop good theories about these activities. 
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Some behaviors are impossible to find in the fossil record. Things like warning displays, chemicals, or 
camouflage patterns do not fossilize. However, since there are so many extinct dinosaurs, and numerous 
defensive behaviors are so common in modern animals, it is very likely that, at some point, dinosaurs had these 
adaptations as well. However, to be honest, we may never know for sure. 

1.2 Ankylosauria Defense 



Illustration 161 : Ankylosauria Edmontonia 

Let us take a look at one group of dinosaurs now, the Ankylosauria. Here is an image of the Ankylosauria 
Edmontonia. 

What do you think its main method of predator defense was? 

A) Speed C) Acute eyesight 

B) Armor 

Ankylosauria probably used armor as their main mode of defense. Their limbs were relatively short; 
therefore, they could not run very fast. In addition, their eyes were not overly large. It is even likely that their 
line of sight was possibly blocked by some of their armor plating. Answer B is correct. 

Ankylosauria had bony plates in their skin called osteoderms, which would have made them really 
spiky looking, and probably worked really well as a defense against being eaten, because it would have made 
them really crunchy. Some Ankylosauria as Anodontosaurus, Euoplocephalus, and Dilophosaurus, which were all 
from Alberta, had modified tail vertebrate called a tail club. The vertebrae and the back half of the tail interlock 
would have been really rigid. The end of the tail was huge, which basically formed a ball of bone around the 
end of the tail. Because the tail of Ankylosaurus \s different from the tail of many other dinosaurs, maybe it had 
a unique function. 

Did Ankylosaurus used their tail as a defensive weapon? 

Maybe they used it to strike at predators to avoid being eaten. 

Paleontology is a science, and like all sciences, our experiments start with observations and then questions. 
Therefore, our observation for Ankylosaurus is that the tail is really weird and different. 

The question we can ask is, what did Ankylosaurus use their tail for? Did they 
use them as a weapon for defending themselves? How can we figure this out? 

1.3 Euoplocephalus Tail Club 



Illustration 162 : Euoplocephalus 
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What sort of information do you think we might need to figure out if 
Euoplocephalus clubbed its attackers? 

Multiple answers might be correct, so check every answer you think is right. 


A) 

What color the tail was 

D) 

Could the tail break if it hit 

B) 

Flow far the tail could swing 


something too hard 

C) 

from side to side 

Flow hard the tail could hit 
things 

E) 

Flow smart Euoplocephalus was 


Well, knowing the color of the tail, and how smart Euoplocephalus was would not hurt. First, we need to 
figure out if Euoplocephalus could swing its tail at all. If it could move its tail from side to side, then we need to 
know if it could swing its tail hard enough to cause any pain or damage to an attacker. Finally, we need to 
know if the tail would break if it hit something hard. If Euoplocephalus swings its tail at a Tyrannosauroidea like 
Gorgosaurus, but the tail snaps in half, then that would cause a lot of trouble for Euoplocephalus. Therefore, 
the correct answers are B, C, and D. 

Ankylosauria used their tail clubs with something interesting, and so part of the research here at the 
'University of Alberta' has been to investigate tail club function. We looked at how bones of the tail fit together, 
to see how far an Ankylosauria could swing its tail from side to side. The tail club itself is fused and rigid, but 
the front half of the tail is flexible just like in any other dinosaur. We estimated the size and strength of the 
tail-swinging muscles, and how heavy the tail club itself was. 

Using that information, we could then calculate how fast the tail club could swing from side to side,. 
Moreover, from there, we can figure out the impact for stirring a tail club-strike. We found that large 
Ankylosauria tail clubs impacted with somewhere between 35,000 and 70,000 N of force. It is a lot, it is not as 
bad as getting hit by a car, but it would be a lot like getting hit by a baseball bat by a professional 
baseball player. It would hurt a lot. Moreover, you definitely would not want to get hit by an Ankylosauria 
tail club. Therefore, we know that the tail could impact with a lot of force that would cause pain. That suggests 
that it would work pretty well as a defensive weapon against predators. 

If the impact forces are that high, would the Ankylosauria tail club break during 
an impact? 

If so, that would be really bad news for the Ankylosauria. 

Was the club strong enough to withstand the impact forces that we calculated? 

To figure out if the tail club would break during impact, we used a computer simulation called 'Finite 
Element Analysis', or FEA. This is a technique that is used by engineers to figure out stress and strain within 
manmade objects, and it is increasingly used by paleontologists to solve biomechanical problems. 



Illustration 163 : Ankylosauria tail club 


The first step was to CT-scan a bunch of different tail clubs including this one here. From there, we made 
digital models of those CT-scans. We told the computer to apply properties of bone, like brittleness or flexibility, 
and then we applied the force that we calculated before at the place that we think the tail club would have 
impacted something. 



Illustration 164 : FEA of an Ankylosauria tail club 

The end result is a colorful picture like this that shows where stress is located, and how much stress there 
was. 
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If there was too much stress, the bone will break. We found that the maximum stress in a medium sized 
tail club was not enough to break the tail club itself, which is really good news for the Ankylosauria. Its own tail 
would not break if it used it for swinging. However, we had to estimate many things in order to get this result. 
Things like muscle size and strength, tail flexibility, how fast the tail could swing, and even the force that was 
applied on impact. All of those required estimates, all of these assumptions were reasonable, but each one of 
them introduces potential sources of error into the final result. 

What if the tail muscles were a lot larger or smaller than we thought? On the 
other hand, what if the tail was not really as flexible, or if the tail club mass 
was estimated a little bit too high or a little bit too low? 

Although we may have some idea of how strong the force from clubbing was, we cannot really say with 
exact certainty what the force would have been and what the results were. 

Here is another question about Euoplocephalus potential defensive adaptation. 

Through our data gathering, modeling, and experimentation, did we prove that 
Euoplocephalus used its tail club to defend itself against predators? 

The answer is no. We were able to say that Euoplocephalus could swing its tail with plenty of force, and 
would not break its own tail while doing so. Nevertheless, we cannot say for certain that Euoplocephalus did 
swing its tail, or that it used it to defend itself against predators. Maybe predators did not try to eat 
Euoplocephalus, because it was simply well armored. As scientists, we always have to be careful about drawing 
conclusions from our experimental data. 

We could say that Ankylosauria probably did not use their tail clubs for clubbing attackers if the tail could not 
be swung very hard, or if the tail would have broken during an impact. It is easier to say a dinosaur did not do 
something than that it did do something. In other words, it is much easier to reject than prove a hypothesis. 

In science, it is actually much more accurate to say that you reject or do not reject a hypothesis than to say 
that you have proved something. Therefore, in this example, we did not reject the hypothesis that Ankylosauria 
could use their tails for making forceful impacts. 

2 Offence Adaptations 

What are some of the behaviors and adaptations that predators use to catch 
prey? Can you think of some of the adaptations that carnivorous dinosaurs 
might have had for locating, catching, and devouring their prey? 

Check all the answers you think are correct. 


A) 

Sharp serrated teeth 

D) 

Sharp retractable claws 

B) 

Binocular vision 

E) 

Ability to run fast 

C) 

Strong odor 

F) 

Armor 


Many of these are useful adaptations for predators. Some of them, like the serrated teeth and sharp claws, 
are useful for actually catching and eating the prey, while others, like binocular vision and speediness, are most 
useful for tracking down the prey. Things like strong odor and armor are better defense mechanisms than they 
are predatory adaptations. Therefore, answers A, B, D, and E are correct. 

Many living carnivorous birds and mammals have binocular vision, which helps them accurately determine 
distances. Humans have binocular vision too. Our eyes are situated on the front of our heads, and the field of 
view of each eye overlaps slightly. This is what allows us to have depth perception. It lets us see in 3D. 
Binocular vision lets us know the distance between us, and something we are looking at. You can see how this 
would be useful if you need to chase down another animal, and leap to catch it. 



Illustration 165 : Horse skull 


Many herbivores have eyes on the sides of their heads, like this horse. They can see to the front, sides, and 
behind them. They have a greater field of view; they can easily see when a predator is approaching. Horses, as 
well as most other herbivores, do not have binocular vision. Therefore, they do not have good 
depth perception. However, they do have a wide field of view. 
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Illustration 166 : Tyrannosauroidea skull 

Let us contrast that with the skull of this Tyrannosauroidea. Its eyes face forward. Therefore, it would have 
had binocular vision and good depth perception. 


2.1 The Fighting Dinosaurs 



Illustration 167 : Fighting dinosaurs 

This is a drawing of a very famous fossil specimen discovered in Mongolia's Gobi desert back in 1971. The 
fossil is called 'The Fighting Dinosaurs.' It is a truly remarkable specimen. The dinosaur skeletons are complete 
and articulated, and the fossil seems to preserve an interaction between two different species. The Velociraptor 
is on its side, and the Protoceratops is crouching. The Protoceratops has the Velociraptots hand in its mouth, 
but the Velociraptor has its sickle claw in the Protoceratops throat, and holds a part of the Ceratopsia frill with 
its other hand. 

What predatory adaptations does Velociraptor have that you would be able to 
observe in the actual fossil? 

Check all the answers you think are correct. 


A) 

Pack hunting 

D) 

Speed 

B) 

Sharp claws and teeth 

E) 

Binocular vision 

C) 

High intelligence 




We are pretty sure that Velociraptor exhibited all of these adaptations, but looking at this fossil, we can only 
observe three of them: sharp claws and teeth, speed, based on limb proportions, and binocular vision. It is 
important to understand and differentiate between our direct observations of a fossil and our 
broader understanding of an organism. 

Looking at the 'Fighting Dinosaurs' fossil, there are a number of things we can observe. We can see that the 
Velociraptor had sharp claws and teeth, binocular vision, and was likely fast based on its limb proportions. 
Based on other fossils, we know that Theropoda dinosaurs are sometimes found in groups, something we will 
come back to shortly. In addition, we postulate that Velociraptor was intelligent, based on the size of its skull. 
However, deducing intelligence in extinct animals is tricky and contentious. Regardless, Velociraptor and 
other Theropoda like it had some of the largest brain size to body ratios of any dinosaur group. 

Were they smarter than other dinosaurs? 

We can only postulate. 

Finally, there is one more important fact that we can observe in the 'Fighting Dinosaurs' fossil. That is, these 
two dinosaur species lived at the same time, and did indeed interact with one another. Determining close 
dinosaur interactions is incredibly difficult, even in modern environments animals may live near one another, 
but never regularly interact. In the fossil record, animals may be found within a few feet of each other, but 
those few feet could represent millions of years of displacement in time. However, we do know that 
Protoceratops and Velociraptor Iived at the same time, and interacted with one another as predator and prey. 
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2.2 Hunting Strategies 

2.2.1 Ambush 

To catch and kill their prey, predatory animals have evolved an array of hunting strategies. Some predators, 
like crocodiles and many venomous snakes, are ambushers. Think of them like nature's landmines. They first 
seek out a good hiding spot, and then they lie and wait for unsuspecting prey to wander into striking distance. 
Ambushing is a strategy best suited to predators who can afford to wait for a long time between meals, and 
who are capable of a single fast and deadly strike, but not a prolonged chase. 

2.2.2 Stalking 

Stealthy stalking is another hunting strategy, exemplified by modern big cats. They are the masters of 
finding and sneaking close to their prey without being seen. Naturally, even the stealthiest hunter can usually 
only sneak in so far. Therefore, stealth predators still need to be able to outrun their prey, even if only for a 
short sprint. 


2.2.3 Pursuit (Chase) 

Pursuit predators, like wolves and wild dogs, are endurance hunters. They may not be as quick as their prey, 
but they can remain hot on its heels for a long time. They have the endurance necessary to eventually exhaust 
and overtake it. 

2.2.4 Cooperation 

Some predators have another strategy, cooperation. Hunting in a group can allow predators to surround 
prey, to drive prey into an ambush, or to take on prey that would otherwise be too dangerous to attack alone. 
However, hunting in a group has a downside. Predators that work together also have to split the spoils of their 
labor. A single kill provides a predator with a lot less food when the predator has to share it with 
multiple members of its pack. When food resources are tight, there may not be enough to go around. 

2.2.5 Social 

Lions are a great example of social predators. Lion brides use sophisticated hunting strategies to kill 
fleet-footed prey, like gazelle and zebra. Lion brides can also bring down really big and dangerous game, such 
as buffalo, rhinoceros, and, even on rare occasions, elephants. 

2.2.6 Solitary 

Tigers and leopards are solitary hunters. They do not reap the benefits of cooperation, but they also do not 
have to share what they kill. 

2.2.7 Socially Variable 

Cheetahs are flexible in their approach to team work. Sometimes, cheetahs form groups called consortiums, 
and hunt cooperatively, and sometimes cheetahs opt to hunt alone. 

Notice that the three examples I have just given of a social, a solitary, and a socially variable predator are all 
big cats. Social hunting behaviors tend to be diverse, even among closely related animals. 

Were any predatory dinosaurs capable of social hunting? How can we tell? 

Let us talk about Albertosaurus. Maybe they were social hunters too. As mentioned before, sometimes we 
have concentrations of single species of animals in one place, and sometimes those are carnivores or 
Theropoda. Now, let us try and think of reasons why carnivores might be concentrated in one single place. 
Maybe this was a predator trap. Therefore, for example, you might have a duck-billed dinosaur that is in its 
death throes, because it has been trapped in quicksand. The carnivores are attracted to this animal that cannot 
get away from them. Unfortunately, the carnivores that come in first also get trapped, and then that attracts 
more carnivores, and you keep getting more and more carnivores attracted to the same site as the site gets 
reset with fresh meat essentially. These predator traps are known occur in some parts of the world. 

However, there are other possible explanations too. For example, we may have a concentration of 
carnivores, and there is no evidence of a predator trap. There is no evidence of tar, or quicksand, or anything 
like that. No evidence of an animal that they were eating. 

How do explain that? 

Possibly these animals were trapped in floodwaters, or a fire, or they died of disease. Maybe they were 
concentrated around a water hole, and slowly dying of thirst during a drought. It is sometimes very hard to 
interpret what these sites are. 
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It was very important then, when Barnum Brown, back in 1910, found a site near the city of Red Deer in 
Alberta. There he collected parts of nine skeletons of Albertosaurus, one of the big Tyrannosauroidea. Now, 
Brown took those specimens back to New York, and they were put in collections, and he never got around 
writing about the sites; therefore, we did not know where the site was, and we did not even know about it to 
any great degree, until the mid 1990 s . At that time, when we looked at the evidence, we realized that Brown 
had a site where it was only Albertosaurus, and these were articulated skeletons. Skeletons that were partially 
together at least, and we made an effort to go and find that site. In 1997 we re-opened the quarry that Brown 
had been working in 1910. 

There was so much material left in the field that we continued to work that site for more than 12 years. 
During that time, we took the number of possible skeletons of Albertosaurus from the nine specimens that 
Brown found to at least a dozen, and more likely into the low 20 s . Those animals ranged in size from 
small animals, about human size, to big ones that were 12 m long. In terms of age, the youngest one was 
about two years old, and the oldest one was 24 years old. 

Now, we have collected a lot of evidence from that particular quarry. It is not just paleontological evidence, 
it is also geological. We have developed a scenario where we feel that these animals were, in fact, together at 
the time of death. Because so many animals died in one single place, and there is no evidence of any 
herbivores around them, we think that, in fact, this may have been a pack of Albertosaurus, and they 
encountered some kind of a mass catastrophe. The best explanation right now is that the region may have 
been hit by a hurricane, some 70,000,000 years ago, and that these animals were caught in the floodwaters of 
a river at that time. 


2.3 Albertosaurus, The Hunter 

Do you think Albertosaurus was a solitary hunter, or did it hunt in groups? 

Check one answer that you think is correct. 


A) Solitary hunter 

B) Pack Hunter 


C) There is no way for us to be 
sure 


In fact, there is no way for us to be sure how Albertosaurus hunted. We have to be careful when we 
interpret dinosaur bone beds. Just because we may find multiple individuals of the same species in the 
same place does not mean that they necessarily lived together in a group. 

Just like with the fossil of the Velociraptor and the Protoceratops, we have to be cautious about 
differentiating between what we can observe, and the conclusions we draw from an observation. The geology 
of the Albertosaurus bone bed tells us only that these animals were all together after they died, and that they 
were deposited in a certain spot by a flood. Why these animals were all together is still not fully clear. These 
animals could have all been drawn together by a carcass, and then got caught in a flood. Alternatively, they 
may have tolerated one another, but not actually hunted together. We just do not know for sure. 

Studying another group of fossils has led us to believe that some dinosaurs may have changed their 
defensive behaviors depending on their stage of growth. A group of baby Ankylosauria, called Pinacosaurus, 
was found in China. There are at least five individuals preserved lined up next to each other in 
crouching positions. They looked like they had hunkered down for the night. Let us think about why these 
dinosaurs may have been found together. Maybe they came together looking for water, and were washed 
together in a flood, or maybe they sought safety in numbers, a defensive herding behavior. 



Adult 



Juvenile 


Pinacosaurus 
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These baby Pinacosaurus had very little armor compared to adult forms. The sediment these dinosaurs were 
preserved in did not suggest that the Pinacosaurus were attracted to a dwindling resource like water. As well, 
we know of at least one other Pinacosaurus bone bed in Mongolia. The information from this, and other juvenile 
Ankylosauria bone beds, suggests that they lived in groups while they were young, but that adult Ankylosauria 
may have been solitary. Adult Pinacosaurus had tail clubs and lots of osteoderms, but these juveniles had 
formed no armor of note. This leads us to believe that young Pinacosaurus herded as a defensive behavior, and 
then switched to be animals that are more solitary once they had developed the armor that would protect them 
for the rest of their lives. 


3 Intraspecific Interactions 


Attacking prey and fending off predators are not the only reasons animals have to fight. In nature, 
most combat actually occurs between members of the same species. Battles within a species are usually over 
territorial or breeding rights. Social species frequently squabble within their group in order to establish and 
maintain status. In this respect, there is no reason to think that most dinosaurs were any different from 
modern animals. Many dinosaur species probably had a variety of offensive and defensive weapons that were 
adaptations for intraspecific combat. However, identifying these adaptations is not always easy. 



Illustration 168 : Stegoceras skull 


Illustration 169 : Musk oxen skull 


This is the skull of a small Pachycephaiosaurus from Alberta' - called Stegoceras. Pachycephaiosaurus are 
famous for having lumpy heads. This bulging mass is called the skull'dome, and it is nothing but a solid mound 
of bone. Pachycephaiosaurus skull domes have intrigued us for decades, and many paleontologists think that 
they are an example of an intraspecific combat weapon. 


The Pachycephalosauria head-butting theory suggests that two rival Pachycephalosauria may have charged 
headlong into one another, and bumped skull dome to skull dome. Such behavior is common among many 
large mammals, including antelope, big horned sheep, bison, and muskoxen. Muskoxen even have a 
domed region on the tops of their skulls that resembles the domes of Pachycephalosauria, and is used as a 
battering ram during intraspecific combat. Therefore, musk oxen seem to make for a nice analog for the 
theorized behavior of Pachycephalosauria, but perhaps the similarity is merely superficial. Here are some 
questions that need to be answered before we can entertain the possibility that Pachycephalosauria engaged in 
musk oxen style head-butting. 


Were the domes of Pachycephalosauria really strong enough to withstand the 
head-butting impacts? Would such impacts have damaged the 
dinosaur's brain? Are there other specific skull adaptations seen in modern 
head-butters that Pachycephalosauria also shared? 

To test the biological feasibility of head-butting in Pachycephalosauria, paleontologists from the 'University of 
Alberta' recently decided to apply the same techniques described in the Ankylosauria tail-clubbing experiments 
discussed earlier in this lesson. Pachycephaiosaurus skulls were CT-scanned, as with the skulls of muskoxen 
and other animals that are known to be head-butters. Some animals that do not butt heads, like llamas and 
pigs, were scanned as well. The CT-scans were then turned into digital models, and a FEA was performed. 



Illustration 170 : Impact forces on Pachycephaiosaurus skull (Computer graphics) 
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In order to understand head-butting, we need to know how much force is involved in impact. If you have 
ever taken physics class, you know that force is calculated by multiplying mass by acceleration. Therefore, in 
this case, estimates of body mass and impact deceleration were used to calculate impact force. The FEA of 
mammals and Pachycephalosaurus revealed that the dinosaurs' skull domes could have withstood the 
impact force. In addition, Pachycephalosaurus had similar adaptations to head-butting mammals for reducing 
mechanical stress during impacts. 

Does this mean that Pachycephalosaurus definitely butted heads? 

No, the study was able to show that Pachycephalosaurus could butt heads, but not that they did butt heads. 
If the model skulls had broken during the FEA, or the stresses would have damaged the brain, then we could 
reject the hypothesis that Pachycephalosaurus butted heads. Just like in the tail club of the Ankylosauria earlier, 
we know what these animals were able to do, but not necessarily, what they actually did. 

Flere is a question about another case study involving behaviors and predatory adaptations between 
members of a single species. A number of Tyrannosauruses have been found with partially healed tooth marks 
on their jaws. These bone scratches and punctures were marks made by other Tyrannosauroidea of the 
same species. 

Why do you think some fossil skulls would display these bite marks? 

A) One Tyrannosaurus feeding on another's carcass 

B) Fighting between males defending territory or sparring for mates 

C) Random damage to bones as they were fossilized? 

Check all the answers you think are correct. 

Tooth marks have been found across a variety of different Tyrannosauroidea, and these facial tooth marks 
are often partially healed. Because they show healing we know that they were not caused by cannibalism or 
damage caused long after death. 

Partially healed wounds can sometimes tell us about aggression between different animals. In the case of 
Tyrannosauroidea, it is likely that some of the tooth marks we find are from fighting displays between 
two animals. These wounds might have resulted from two males fighting over territory or mating rights, or they 
could have resulted from love bites between males and females. All of these behaviors are seen in 
modern animals, but we do know that these wounds will not fatal, and that the animals lived for some time 
after the wounds. 



Illustration 171 : Puncture marks on Triceratops skull 


Tyrannosauroidea are not the only dinosaurs with facial wounds. Skulls of Triceratops have been found 
bearing puncture marks in their skulls. The location of these puncture marks would correspond to where we 
would expect to find wounds if they were using their horns to fight one another. Although earlier I mentioned 
that Triceratops might have used its horns for defense against predators, there is no reason they could not 
have used their horns for combat with other Triceratops. 

Many animals will put on displays before they try to fight as a way to avoid combat, if possible. Triceratops 
may have used its large horns and frill to display first, and as a last resort engage in combat. Again, combat 
between Triceratops may have been over territory, mates, or any other reason we see such behaviors in 
modern animals. Whether they were predators or prey, dinosaurs lived diverse and varied lives. Although trying 
to reconstruct the behaviors and interactions of long-extinct animals is difficult, we are learning more and more 
with each passing year. 
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4 Learning Objectives 

4.1 Identify Potential Defensive And Predatory Adaptations In 
Dinosaur Skeletons 

Although dinosaurs were certainly not the insatiable, blood-thirsty monsters that are commonly depicted by 
Hollywood, there is no doubt that dinosaurs lived with the threat or with the self-sustaining necessity of 
violence. Herbivorous dinosaurs had to avoid being caught and killed, and carnivorous dinosaurs had to catch 
and kill prey. The killing tools of carnivorous dinosaurs, like the bone-crushing jaws of Tyrannosauroidea and 
the sickle-claws of Dromaeosauridae, are among the most impressive in the whole armory of the 
animal kingdom. Such adaptations in carnivorous dinosaurs were countered by an array of 
defensive adaptations in herbivorous dinosaurs. 



Illustration 172 : Defensive and predatory adaptations 
Top left: Argentinosaurus, a Sauropoda, may have relied on its large size to deter predators. 

Top right: The horns and frill of Triceratops would have made an excellent threat display, and the horns could also have been used as 
weapons. 

Bottom left: Anodontosaurus, an Ankylosauria, was covered in osteoderms and had a tail modified into a club, all of which would have 
been excellent defenses. 

Bottom right: The large osteoderm plates of Stegosaurus may not have provided much protection, but the spikes at the end of the tail 
could have been swung at attackers. 

As have been previously described, many Ceratopsia evolved long horns, and Ankylosauria and Stegosauria 
evolved an array of spikes and armor. Having horns or spikes is a common strategy used by modern animals. 
Horns of buffalo and rhinos or the spiky quills of porcupines make them dangerous prey to attack. Even if 
predators succeed at killing such prey, they may be seriously injured in the process. Weapons like horns and 
spikes, beyond their usefulness in defending prey when attacked, are also deterrents. They discourage 
predators from choosing to attack in the first place. Armor, like the shell of a turtle, can also be a deterrent, 
because it makes the animal difficult to eat, and, therefore, not worth the effort. Large size can be a defense 
entirely on its own. Giant Sauropoda may have lacked horns and armor, but their sheer size would have made 
them formidable prey. Like modern elephants, giant Sauropoda could have trampled even their largest potential 
predators, and, although they were not armed with spikes and clubs, Sauropoda could have dealt severe blows 
with their massive tails. 



Illustration 173 . Ornithomimus 

Had proportionately long legs, which would have made it a relatively fast runner 

Cursorial limbs are another obvious prey defense. Being able to outrun and/or outmaneuver 
potential predators keeps prey safe and avoids a physical fight altogether. Based on their hind limb proportions, 
Ornithomimidae and many small Ornithopoda are cursorially adapted, and it is likely that these dinosaurs made 
use of their speed when threatened. However, predators can also make use of speed, and long limbs in a 
carnivore can be seen as a predatory adaptation. 
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Illustration 174 : Photo (Nyctibius jama icensis) 

It is one of the most well-camouflaged birds, blending almost seamlessly into the bark of the branches they roost on. 

Cryptic adaptations allow potential prey to go a step further, and avoid even being seen by predators. 
Crypsis is the ability of an animal to avoid detection, and cryptic adaptations include camouflage color patterns, 
hiding behaviors, and odor-masking chemicals. Crypsis is difficult to judge from only fossil evidence. Because 
cryptic adaptations are widespread among modern animals, it is reasonable to assume that cryptic adaptations 
were also wide spread among dinosaurs. However, relying primarily on crypsis as a predator defense is more 
common among small animals, which are able to hide more easily behind environmental structures, than 
among large animals, and it is unlikely that crypsis was the sole predator defense of any large 
herbivorous dinosaurs. It is difficult to demonstrate that any dinosaur species used cryptic adaptations like 
camouflage, because color and color patterns are not usually preserved in dinosaur fossils, and 'hiding' is not 
something that can be fossilized. 



Illustration 175 : Striped skunk (Mephitis mephitis ) 


It has dramatic warning coloration and scent glands that releases a 
powerful Odor 


It has vivid eyespots on its outstretched wings, which it uses to 
scare larger animals away. 


Like crypsis, many defenses, including chemical weapons and intimidating displays, are difficult to detect 
from fossil evidence. Some modern animals use bright colors or false eyes to scare predators away, or to label 
themselves clearly as toxic or otherwise dangerous. Given the diversity of dinosaurs, it is more likely that some 
dinosaurs used such defenses than that no dinosaurs did. 



Illustration 176 : Sunbittern (Eurypyga he/ias ) 


Some features of dinosaurs, like horns, spikes, and teeth, are similar to structures observed in 
modern animals, and have a form that make their function appear obvious. However, some features of 
dinosaurs are novel, without comparable modern analogs, and sometimes appearances may be deceiving. 



Illustration 177 : CT scans of tail clubs 


They were converted into 3D-models, and tested using 'Finite Element Analysis' 

'Finite Element Analysis' is a technique that has been used by paleontologist to help evaluate hypotheses 
about the functions of many dinosaur adaptations. 'Finite Element Analyses' are computer simulations that set 
material properties to a digital object, and that report data on how stresses are dispersed through the object 
when a force is applied at a particular point. 
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A recent 'Finite Element Analysis' carried out by 'University of Alberta' researchers attempted to evaluate the 
hypothesis that the tail clubs of Ankylosauria were used as weapons. The reasoning behind this study was that, 
if Ankylosauria tail clubs were used as weapons, it is likely that the tail clubs were able to withstand large 
impact forces without breaking, whereas, if Ankylosauria tail clubs were not used as weapons, it would be 
very unlikely that the tail clubs were adapted in such a way as to withstand large impact forces. 

The tail club of the Ankylosauria Euoplocephalus was digitally scanned, and this digital model was then 
imported into a 'Finite Element Analysis' program. The digital tail club model was given material properties 
equivalent to that of bone. To simulate a tail club strike, the force of a Euoplocephalus tail swing was 
estimated, and was applied to a point on the outer surface of the digital tail club model. The results showed 
that the resulting stresses across the tail club were insufficient to damage the club. Thus, the study concluded 
that Ankylosauria tail clubs were capable of serving as weapons, and this supports the hypothesis that weapons 
were the function of the tail clubs. 

Determining how well a dinosaur could see, hear, and smell is difficult... but not impossible. The brain cases 
of dinosaurs offer some clues, because the sizes of different regions of the brain relate directly to the strength 
of specific senses. Eye size can be estimated from the size of the orbits, and the inner ear cavity of the skull 
offers many clues to the strength of a dinosaur's hearing. 

Naturally, both predators and prey benefit from keen senses that can alert the one to the presence of the 
other. However, the sensory needs of predators and prey are not identical. For example, herbivores, who are 
concerned with avoiding being snuck up on by predators, benefit from a wide field of view. For this reason, 
herbivores often have eyes positioned on the sides of their heads. This prevents the field of vision of one eye 
from redundantly overlapping with the field of vision of the other eye, and maximizes how much of its 
surrounding an animal can see at one time. 

Conversely, predators benefit from being able to maximize their perception of a single target. Often, but by 
no means always, predators have eyes that are positioned near each other, and that both face forward. This 
causes the field of vision of both eyes to overlap, and grants the predator stereoscopic vision. 
Stereoscopic vision allows an animal to see the same object with both eyes, and thus to see it from two 
slightly different angles, which improves the animal's ability to judge depth. Other animals besides predators 
may benefit from enhanced depth perception, and stereoscopic vision is also common among animals that fly 
and climb. 

4.2 Suggest Predatory Behaviors And Styles In 
Carnivorous Dinosaurs 

Not all carnivores are alike, and there are many different hunting styles among extant predators. Some 
hunters are ambush predators, which lie in wait until prey comes within striking distance - a good example of 
this kind of hunting strategy is a crocodile, waiting for prey to enter the water, then lunging. Other hunters 
stalk and pursue prey, and may rely on stealth to approach quietly and then strike. Still others, like wolves, may 
pursue prey over long distances, using their endurance to tire out and eventually overtake their prey. 

Predatory animals can hunt alone or in groups. Some hunters work cooperatively in order to acquire prey 
that would be too difficult to kill on their own, and we call these social predators. Hunting behaviors can be 
diverse even among closely related animals. For example, tigers are solitary hunters, lions hunt cooperatively, 
and cheetahs sometimes hunt alone and sometimes hunt in pairs or small groups. 

Were any predatory dinosaurs capable of social hunting? 

In 'Dry Island Buffalo Jump Provincial Park' in Alberta, a bone bed of the Tyrannosauroidea Theropoda 
A/bertosaurus preserves the remains of more than 20 individuals. This seems to suggest that Albertosaurus may 
have lived in groups rather than as solitary individuals. 

If you remember our lesson on taphonomy, there are other reasons why many individual dinosaurs may 
have collected in one spot. However, the geological and taphonomic evidence at 'Dry Island' suggests that 
these Albertosaurus represented a single pack that met some catastrophic end. It appears that at least some 
Theropoda dinosaurs formed groups, and therefore may have been social hunters. 

An incredible fossil, called the 'Fighting Dinosaurs,' from Mongolia preserves a Velociraptor (a 
Dromaeosauridae Theropoda) and a Protoceratops (a Ceratopsia) seemingly interacting with each other. One 
hand of the Velociraptor is in the mouth of the Protoceratops, and the other is holding on to the frill of the 
Protoceratops. The Velociraptots sickle-shaped claw is positioned in the throat of the Protoceratops. This 
amazing fossil pair seems to be a snapshot of a Velociraptor in the midst of killing a Protoceratops, and 
provides support for the use of the sickle-shaped toe claw as a predatory adaptation. This is one of the best 
examples of an interaction between two dinosaurs that we know of. Based on this fossil, we might guess that 
Velociraptor was a solitary hunter. However, maybe other Velociraptor were present, but were able to escape 
whatever killed the 'Fighting Dinosaurs.' 
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4.3 Suggest Potential Intraspecific Behaviors In Dinosaurs 

Violence is not always limited to interactions between predators and prey, or even between members of two 
different competing species. It is common for members of the same species to fight over territory, mates, 
food resources, and for social rank within a group. Fighting and aggressive displays between members of the 
same species are called agonistic behaviors. Because agonistic behaviors are common, therefore, are 
adaptations that facilitate them. The antlers of an elk are one example. Male elk use their antlers in 
head-to-head shoving competitions. This kind of competition that determines which of two individuals is the 
strongest without either combatant risking serious injury is a special kind of agonistic behavior called ritualized 
agonistic combat. 



Illustration 178 : Stegoceras 

It has long been suspected that the thick domed skulls of many Pachycephalosauria were adaptations for 
agonistic head butting competitions. Finite element analyses of Pachycephalosauria skulls have supported this 
hypothesis. Like modern animals that engage in ritualized agonistic head butting, such as musk oxen and big 
horn sheep, Pachycephalosauria skulls were strong enough to withstand severe impact forces, and had special 
mechanical stress reducing adaptations. 

4.4 Identify Other Fossil Evidence For Defensive; Predatory, Or 
Other Intraspecific Behaviors In Dinosaurs 

There can be strength in numbers, and both predators and prey may benefit from forming groups. Predators 
that form packs may be able to bring down prey cooperatively that is too dangerous or difficult to be attacked 
by an individual. It is usually more difficult to sneak up on an alert group than on a single alert individual. Prey 
that band together in a herd benefit from the additional sets of watchful eyes (and alert ears and noses). Some 
prey herds may also mount collective offenses against predators that would be too dangerous to challenge 
alone. 

Evidence of dinosaurs forming groups comes from a variety of social display adaptations and adaptations 
relating to agonistic behaviors, and from trackways and nonspecific bone beds. Some Sauropoda and 
Ornithopoda trackways show many sets of footprints, all from the same species of dinosaur, and all heading in 
the same direction. These trackways suggest that the dinosaurs that made them were traveling together as a 
group. Monospecific bone beds are large accumulations of fossil bones that are all from multiple individuals 
of the same species. Monospecific bone beds are known for many kinds of dinosaurs, including Ceratopsia, 
Hadrosauridae, and Tyrannosauroidea (like the Albertosaurus at'Dry Island'). 

A healthy dinosaur ecosystem was filled with many different kinds of dinosaur species, and it is improbable 
that a large random fossil-sample of any such ecosystem would yield multiple bones from only a single species. 
Monospecific bone beds, therefore, are often interpreted as nonrandom samples, and an explanation is needed 
for why only one species is included. One obvious explanation for this nonrandom sample is that the 
particular species was traveling in a group, and that the group collectively met the fate that ultimately resulted 
in their fossilization (such as dying in a flash flood, a mud or rockslide, or a massive volcanic ash fall). 



Illustration 179 : Pinacosaurus Skeletons at'Bayan Mandahu' 
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Many monospecific bone beds are formed from the disarticulated skeletons of many individuals, like the 
Edmontosaurus bone bed we studied further. However, sometimes we find articulated skeletons in 
close association with one another, and this is very strong support for social behavior. A locality called 
'Bayan Mandahu' in China preserved the articulated skeletons of juvenile Ankylosauria called Pinacosaurus, lined 
up next to each other like they had laid down to sleep. This is very good evidence that juvenile Pinacosaurus 
traveled in groups. 

Adult Pinacosaurus have never been found in groups or bone beds, which suggest that, while 
juvenile Pinacosaurus were social dinosaurs, adult Pinacosaurus lived solitary lives. 

Behaviors may change ontogenetically, and, therefore, can skeletal adaptations for attack and defense. 
Juvenile Pinacosaurus lacked the heavy armor of adult Ankylosauria, which may be why they lived in groups as 
juveniles. On the other side of the dinosaur family tree, juvenile Tyrannosauroidea may have employed different 
hunting strategies compared to adults. Juvenile Tyrannosauroidea had proportionately longer legs, which would 
have made them more fleet-footed than the stockier, more heavily-built adults. Perhaps 
young Tyrannosauroidea hunted smaller and faster prey, while adults were better able to attack larger and 
slower prey. Alternatively, the more cursorial limbs of young Tyrannosauroidea may have been a 
defensive strategy that helped the youngsters to avoid they becoming prey for adults. 


Another source of potential information about dinosaur inter- or intraspecific interactions is the presence of 
pathologies. Paleopathologies can include healed injuries or other evidence of diseases, such as infections, 
cancer, or arthritis. The cause of much pathology can have multiple interpretations; therefore, it is important to 
be cautious when extrapolating from evidence of pathologies. Nevertheless, they can provide some 
interesting clues about dinosaur behavior. For example, several Tyrannosauroidea skulls show signs of healed 
bite marks that can only have been made by other Tyrannosauroidea. Because the injuries had time to heal, 
these bite marks cannot have been formed by a Tyrannosauroidea killing and feeding on the carcass of another. 
Nonlethal face biting is a common agonistic behavior among modern carnivores, such as crocodiles, and so 
Tyrannosauroidea may have engaged in a similar behavior. 



Illustration 180 : Frequency of healed injuries on skull bones 


Triceratops (top) and Centrosaurus (bottom) 


Adaptations that serve in predator defense may also be used in agonistic behaviors. A study examining 
healed injuries on skulls of two different species of Ceratopsia found that injuries on the squamosal bone were 
more common in Triceratops than in Centrosaurus. This provides some evidence that Triceratops may have 
locked horns during intraspecific competitions similar to those of modern deer, cattle, and rhinos. The large 
orbital horns in Triceratops would touch the squamosal of an opponent, causing injuries. Centrosaurus has 
smaller orbital horns, and there were not as many healed injuries on the squamosal, which might mean that the 
orbital horns were too small to cause injuries in that area, or that Centrosaurus did not use its 
cranial ornamentation for fighting. 


Understanding dinosaur behaviors is one of the most interesting parts of paleontology, but it is important to 
understand the limits of the evidence we have available. While we can find evidence in support of many 
behaviors, we cannot 'prove 1 that a dinosaur definitely did or did not do certain behaviors. For example, the 
anatomy of Ankylosauria tails suggests they were adapted for tail-clubbing, and the results of finite 
element analyses show that they could use their tails for clubbing, but we cannot say that Ankylosauria 
definitely used their tails for tail-dubbing. If they did use their tails for clubbing, we also cannot say right now 
whether they used them mainly as defensive weapons against predators, or whether they used them in 
intraspecific combat. Generally speaking, the more lines of evidence you can find to support a given hypothesis 
about dinosaur behavior, the more confident we can be in our conclusions about that behavior. Studying the 
behaviors and adaptations of modern animals, doing biomechanical tests, collecting evidence from bone beds 
and trackways, and looking for pathologies in skeletons, are all excellent ways to investigate the behavior of 
dinosaurs and other extinct organisms. 
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What Is A Species? 

1 Naming Species 

We humans have a tendency to reuse names over and over again. Think of your own first and last name, 
chances are many other people in the world today share your first and/or last name. Do a Google search on 
your name and you see just how many other people have the same name. This sort of reuse of names can 
easily lead to confusion when people are trying to talk about a specific person. The way we get around the 
probiem of identifying a specific person is by adding a whole bunch of qualifiers and extra descriptions to the 
person's name, like this. 

Hey, do you know Henry Fonda? 

Not the actor, the street musician, who used to busk on Monday mornings, down in the King Street 
subway station, back in the 90 s . 

The problem with identifying specific things plagued scientists for many years. Then, in the mid 1700 s , 
scientists started to give every species its own unique name. This actually led to an interesting set of 
other problems with specific identification. To investigate this, let us look back to Europe in the 18 th century, 
and see how and why we humans started to give each organism his or her own, one of a kind, name. 

Imagine you are a scientist living during the early 18 th century. You observed nature and see a wide variety 
of plants and animals. You give names to all of these different forms. This system works well for you, and you 
can then write all sorts of interesting books on the organisms you see, referring to them by name. The problem 
is: 

What happens when someone else writes a book, and he talks about the 
same animals and plants, but he decide to use different names to describe 
them? 



Well, that is exactly what happened, and things got very confusing very quickly. A situation developed where 
some people called a plant by one name, and another group of people called it by a different name. Now, most 
scientific writing at this time was done in Latin; therefore, it was not that the names were in 
different languages, but that different people called the same organism by different names. As we know from 
our example of trying to differentiate two people with the same name, scientists try to cut through the 
confusion of organism naming by being more and more descriptive. Names for organisms became longer and 
longer. 

As you can imagine the situation rapidly became a complete mess. Now, not only were organisms called 
different things by different groups of people, but also the names became very long, and more and more 
confusing. To complicate matters, this was the Era of European expansion. New animals and plants from all 
over the world were being brought back to Europe by shipload, and they were all being named different by 
different scientists. 

1.1 Number Of Species On Earth 

Scientists estimated there were around 10,000 different species in the world in the 18 th century. 

How many species do you think there actually are on Earth? 

Check the answer you think is correct. 

A) 10,000 

B) 100,000 


- 115 - 
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Recent estimates suggest that there are 5,000,000 - 30,000,000 species on Earth. We do not really know 
and may never know the exact number. Many species are incredibly small, hard to identify, and difficult to 
study. Therefore, D is the closest number we have to a correct answer. 



Illustration 181 : Carl Linnaeus 


It was in this mess of thousands of confusing and overlapping names that Carl Linnaeus emerged. Linnaeus 
was a Swedish scientist in the 18 th century. He was a medical doctor, botanist, and zoologist. Linnaeus wrote an 
enormous book that listed all known organisms. While he was writing the book he decided to use a simple, 
two part naming scheme for every creature and plant on Earth. To avoid the confusion, rampant in Europe at 
this time, he made sure that no two name combinations were the same. This radical simplification turned out to 
be an important turning point in how we give formal names to organisms. By using a two parts, or binomial, 
name unique to each organism, confusion could be eliminated, as long as everyone in a scientific community 
agree to use this exact system. Well, everyone agreed, and we still use Linnaeus system today for naming 
everything from tomato plants to ancient dinosaurs. 

1.3 Writing Names Scientifically 

Now you have probably seen binomial names before, written both correctly and incorrectly. There are 
specific rules to follow when you write a species name. Unfortunately, non-technical publications do not always 
follow the rules. However, we will be more rigorous. 

Let us start with a name that Linnaeus gave to human beings: Homo sapiens. You will note, as I said before, 
that this is in Latin. At the time of Linnaeus, Latin was the language of science in Europe. Modern names can be 
derived from other languages, but often the fallback for many is still Latin. The name is made up of two parts, 
the genus, or generic name, Homo, meaning man, and the specific epithet, sapiens, meaning wise. Together 
these two parts make up the binomial species name Homo sapiens. 

When we write a species name, the genus name is capitalized, while the specific epithet is in lowercase, 
and that the whole name is written in italics. This is a convention that helps us to know when we are looking 
at a proper species name, and not just a common name for an organism. Therefore, to review: 

What is the proper way to write the species name for humans? 

A) Homo Sapiens C) Homo sapiens 

B) homo sapiens D) homosapiens 

The proper species name for humans is C, Homo sapiens written in italic type with the genus name 
capitalized. 

We have a number of rules that we follow for naming species that, though they may seem finicky, are 
important for maintaining consistency when you have millions of different people who need to talk about 
specific species, whether they are paleontologists, marine biologists, or bird watchers. 

1.4 Unique Naming 

A species name is unique. There cannot be two even closely related species named the same thing. As an 
example, let us take a look at one of the dinosaurs we have here in Alberta. It is called Edmontosaurus. There 
are actually two species of Edmontosaurus, Edmontosaurus regaiis and Edmontosaurus annectens. We can 
reuse the genus Edmontosaurus for these two closely related species, because we have used different 
specific epithets, regaiis, and annectens, for each of the species. 
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1.5 Rule Of Priority 

Since Linnaeus started naming species in the 18 th century with binomial names, most species on the planet 
have been given names. In fact, Linnaeus named several thousands of them himself. However, there are rules 
governing when and how something new is named. For example, you cannot just rename something that 
someone else has already named. If that were allowed then names of species would still be a complete mess. 
People would be renaming things all the time. Instead, there is a 'Rule of Priority.' 

Once a species has been named and widely distributed, easily accessible in 
peer-reviewed publication, it cannot be named again or renamed. 

The only exception to this rule is if organisms were given the same name as another, which does happen by 
accident from time to time, or if the organism was not really a new species at all. In this case, it is lumped back 
in with the old species. 


1.6 Naming A New Species 

Here is a question for you. 


Which of these publications is somewhere you could name a new species? 


Check the answer you think is correct. 


A) Wall Street Journal 

B) Time Magazine 

C) National Geographic Magazine 

D) Nature: International Weekly Journal of Science 


The only one of these you can officially name a new species in is 'Nature.' While all the others are 
well respected publications, and have enormous readership, they do not go through the process of peer review. 
That is, when a scientist submits an article to 'Nature' to be published, two other qualified scientists in the 
same field, not involved with the study, will review the article to see if it is scientifically sounding. 


2 Holotype 

There are other things you need as well to name a new species. You need to describe what you are naming, 
and what differentiates it from other closely related species. You need to list all of the unique features that your 
organism has that others do not. Such features can include a certain type of coloration, length of limbs, 
oddly-shaped horns, and so on. 

To go along with this description, you also need to designate something called a holotype. This is the 
single specimen that you are stating is the specimen that in itself is a definition of the species. By looking at this 
holotype specimen, other scientists should be able to identify the species. For something like dinosaurs, the 
holotype would be single fossil. This fossil then needs to be somewhere where other people can look at it. This 
is important. The holotype needs to be accessible therefore that other paleontologists have the opportunity to 
determine if something that they have found is the same or different species. Scientists then can also designate 
additional specimens if they wish. Nevertheless, those other specimens are given alternate names, like paratype 
of lectotype, depending on the situation. However, there is only one holotype. This requirement for specimen 
availability leads to the answer of a very common question. 

Why should we put dinosaur bones in museums? 

Well, if they were not put in museums, where would scientists, as paleontologists, go to study them for 
centuries to come? New fossils are found all the time, and paleontologists need to be able to determine if what 
they have just found in the field is a brand new holotype or another example of an already described species. 

2.1 Named dinosaurs 

How many species of non-avian dinosaurs do you think have been named so 
far? 

A) 50 C) 1,000 

B) 100 D) 10,000 

So far, somewhere around 1,000 species of dinosaur have been named. The exact number is always 
changing, as there are new dinosaurs being named all the time. In fact, in 2012, there were about 30 
new species of dinosaur named, more than one every two weeks. Therefore, C is the most correct answer. 
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Illustration 182 : Hesperonychus (Restoration) 


Now that we have gone through the rules of how to name a new species, let us take a look at a 
relatively new dinosaur called Hesperonychus that was named here at the 'University of Alberta.' 
Hesperonychus was a small carnivorous dinosaur, probably about the size of a chicken. It was found in 
'Dinosaur Provincial Park.' The holotype specimen is stored here in our collections therefore that it is available 
for other researchers to study. 



Illustration 183 : Hesperonychus, partial pelvis bone 


Here you can see the holotype, which is the pelvis from the animal. If you remember earlier lessons, we 
rarely find complete skeletons. Therefore, many species are named from partial skeletons. This partial pelvis 
has enough unique characteristics that we can tell that it is not a species that has been named before. 

First off, we can see that this was an adult. The ilium and pubis are fused together, something that happens 
when an animal is mature. All of the other small Theropoda dinosaurs from 'Dinosaur Provincial Park' are 
much larger than Hesperonychus as adults, giving us a good sign that we are dealing with something new. 
Because of the unique combination of features on the hips, for example a split in the shelf on the ilium, we can 
begin to see that this is something different than what we have seen before. After looking at other examples of 
dinosaurs, we see enough unique features to determine that we have discovered a new species. 

We decided to name it. We usually try to give names appropriate to the animal, and in this case, we call it 
Hesperonychus elizabethae. Hesperonychus means western claw, as it has a large claw on its foot, and is the 
first of this particular group of dinosaurs to be found in the western hemisphere. The elizabethae epithet honors 
Dr. Betsy Nicholls, who originally discovered the fossil. 

Once we had examined, described, photographed, and thought of a name for the dinosaur, we submitted 
the manuscript to a journal, which then sent the article to several other paleontologists. These other scientists 
provided comments on how to improve our work, but everyone agreed that what he had was the holotype of a 
new species. Finally, once the article was published, the name became official. 

2.2 Dividing Organisms Into Species 

Which of these things is the most reliable feature or characteristic that a 
scientist can use to divide up organisms into separate species? 

There is only one best answer, so consider your response carefully. 

A) Presence of absence of antlers C) Color of the skin or feathers 

B) Number of fingers on the hand D) Length of the limbs 
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One of these options, the number of fingers on the hand, is the most reliable characteristic to use to 
separate species from one another. That is not to say that the other options can never be used, even in 
some things, like the number of fingers on the hand, can vary. For example, Napoleon, when he was 'Emperor 
of France,' owned a horse with extra toes. There are many cases of humans being born with extra fingers. 
However, the number of fingers is overwhelmingly constant within a species. 

3 Differentiating Species 

When Hesperonychus was named, there was a lot of comparative work that had to be done. We looked at 
features in Hesperonychus and other specimens of closely related dinosaurs. When naming a new species, we 
have to be careful when evaluating all the possible differences between a suspected new species and previously 
named ones. 



Even animals in the same species are not identical carbon copies of each other. Take for example this 
mountain blue birds from the zoology museum at the 'University of Alberta.' All of these are the same species, 
but the color patterns on the feathers can be very different. There is a large difference in the color between the 
bright blue of the males and the more dull colored females. Even within the males, some are more vivid than 
others are. We have to consider sources of morphological variation that might simply be differences within a 
species, which we call intraspecific variation. 



We have" some other great examples of intraspecific variations in our zoology museum. All of these skulls are 
froncr-Wapiti, but there are many differences in the size and shape of skulls and antlers. Some, like the skull 
here, do not have any antlers at all. The size of the skull and the antlers are related to the age of the animal 
when it died. Younger animals had smaller skulls and smaller antlers. 


What about the skulls without antlers? 


Well, antlers are only found on male deer; therefore, skulls without antlers are either from females or 
sometimes from young individuals that never developed antlers before they died. There are three kinds of 
intraspecific variations represented by these skulls. 

1. Individual variation, which is the normal variation you see among individuals of any species, things 
like the exact shape of the antlers. 

2 . Ontogenetic variation or variation because of age and growth, like the size of the antlers. 

3 . Sexual variation or variation between males and females. In this case, males have antlers, and 
females do not have antlers. 


As paleontologists, we have to keep all of these kinds of variations in mind when we are trying to identify a 
new species like Hesperonychus. We need to look for differences that have occurred through evolution, 
differences that indicate that two animals belong to a different species. 
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Even though small details in the shape of antlers can vary in white-tailed deer, we can still identify 
large differences in antler shape in different species, like mule deer, moose, and caribou. The forked antlers of 
the mule deer, the broad flat antlers of the moose, and the curved, blunt antlers of the caribou are different, 
because these are different species. 

3.2 Morphological Species Concept 

Along with the rules on how to name a species, there are several ways in which we can define a species. 
One of the most important definitions for paleontologists is 'Morphological Species Concept.' This essentially 
states that organisms that all look the same are considered a single species. There can be some variation 
between the different individuals, but if they look more or less the same, then they are considered to be one 
species. 

How many Tyrannosauroidea species do you see here? 



There are actually four separate Tyrannosauroidea species here: Tyrannosaurus, Gorgosaurus, 
Albertosaurus, and Dasp/etosaurus. Though these Theropoda look similar, there are a number of 
distinct features that we can use to separate these animals reliably from one another. Spinosaurus, though a 
carnivorous Theropoda, is not a Tyrannosauroidea. It has too many distinct features from the others to be 
considered part of the same dinosaur genus. 

Although the 'Morphological Species Concept' is useful, it is not fool-proof. We can tell the difference 
between a Triceratops and a Tyrannosaurus rex just by looking at them. 

What about a Daspletosaurus and an Albertosaurus? 

These two large Tyrannosauroidea cousins are found in the same rocks and are closely related. However, we 
have multiple skulls of both these animals. When we look at them, we can find consistent differences between 
the two species. Most dinosaurs, though, are only known from a single specimen, and, often, an incomplete one 
at that making this kind of detailed comparative work difficult. 

With some groups of dinosaurs, we need specific parts of their bodies to be able to tell when we have really 
a new species. A good example of this is the Ceratopsia. Overall, the body and limbs of Ceratopsia are 
highly conserved, meaning that they are quite similar to one another. Many species look virtually identical from 
the neck down. However, the skulls of these animals have horns over their nose and eyes, plus a distinctive frill. 
These features are used to differentiate between Ceratopsia species. Therefore, if all we find of a 
Ceratopsia skeleton is the rear portion of it, we would not be able to say confidentially if it could be the 
holotype for a new species. 

How many species of dog do you see here? 



There is only one species here; Canis lupus familiaris, namely dogs. The variation we can see within the 
species is enormous, but let us be clear: all dogs belong to the same species. 
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One of the main problems with the 'Morphological Species Concept' is that members of one species may be 
split up because they look different. Take a look at these dogs. All of them belong to the same species, but they 
look very different from one another, both in size as well as the relative proportions of their eyes, noses, 
bodies, and legs. Never mind color, fur length, and all the rest. We keep all dogs in the same species, 
Cam's lupus familiaris, because we know that they can breed with one another and make more puppies. 

3.3 Biological Species Concept 

This brings us to another way of defining a species; namely, the 'Biological Species Concept.' It defines a 
species as the group of organisms, which can interbreed. This definition can address some of the issues 
associated with the 'Morphological Species Concept.' The 'Biological Species Concept' makes sure that 
cryptic species, those that look similar, but do not interbreed, are separated. Alternately, species with a lot of 
individual variation are still classified correctly, as in the case of dogs. However, although biological 
species definition is relatively simple, in practice it can be incredibly difficult to apply, particularly to 
extinct species. 

3.4 Limitations On Reproduction 

For any species, which of the following are necessary for individuals to 
reproduce with one another? 

Check all the answers you think are correct. 

A) Do they need to look the same? 

B) Do they need to be in the same place? 

C) Do they need to live at the same time? 

For any two individuals of a species to reproduce, they need to be living in the same place at the same time. 
They do not need to look the same. There are many examples of males and females looking very different from 
one another, yet still mating. Think of peacocks and peahens. Therefore, answers B and C are correct. 

Think about what the 'Biological Species Concept' implies. In order for a scientist to confirm whether animals 
are from a single species or multiple species, he must observe the animals interbreeding. In practice, this can 
be difficult to deduce, even for animals that are relatively easy to observe. It can be virtually impossible for 
animals, which are much more secretive, and it is just about impossible for animals that are extinct. 

However, we know that for animals to interbreed they need to be in the same place at the same time. 
Although we cannot observe extinct dinosaurs breeding with one another, we can observe if they lived in the 
same area and at the same geologic time. If we find two similar dinosaurs that lived millions of years apart, or 
on opposite sides of the planet, they were likely different species. There are exceptions to these guidelines, but 
it is a good principle to follow when naming a dinosaur. 

3.5 Definition Of Population 

In ecological science, a population is defined as a group of animals in the same geographic area that can 
potentially mate. 

Which of the following statements is true? 

A) One or more species make up a population 

B) One or more populations make up a species 

Just because some individuals of a species might not live in the same place that does not mean that they do 
not still belong to the same species. This is another thing to consider when try defining what is and what is not 
a new species. Because we cannot directly observe a living specimen of an extinct species, we have to use our 
best judgment when we are naming a new species. Sometimes, this turns out to be easy. If a dinosaur fossil is 
found in rocks from an age where no dinosaurs had previously been found, or if it has very obvious features 
that are not present in another dinosaur, we can be relatively confident that the fossil is a new species, and we 
can be confident even if we do not find the whole skeleton. 

3.6 Taxonomy 

How to define the species and when to call a fossil a new species or not is something that paleontologists 
deal with all the time, but it is not something that everyone always agrees on. Sometimes, when we are dealing 
with only fragmentary remains, it may come down to a judgment call on the part of the scientists as to whether 
or not something is really a separate species. Therefore, as long as there is a general agreement amongst the 
people in the field, a new species name usually will stand. The naming of a species, or taxonomy, is an 
exact science that we try to apply as best we can to the inexact world of extinct animals. 
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4 Learning Objectives 

4.1 Describe The Requirements For Erecting A New Species 

In the late 18 th century, the Swedish naturalist Carl Linnaeus did a great and enduring service to all 
biologists by introducing a new system for scientifically naming organisms. Linnaeus is considered to be the 
founding father of modern taxonomy. 

Taxonomy is the science of naming and organizing organisms into related groups. Prior to Linnaeus, there 
was not an agreed-upon system for assigning names to organisms, and this had led to considerable confusion. 
Under Linnaeus' system, which we still use today, every unique species of organism is given a binomial name. 

The binomial name of a species consists of two parts: the genus name, or generic name, and the 
specific epithet. Here are two examples, the dinosaur Tyrannosaurus rex and our own binomial name 
Homo sapiens. Tyrannosaurus and Homo are the genus names, and rex and sapiens are the specific epithets. 
Note that the genus name is always capitalized, and that the specific epithet is not. Also, note that a 
binomial name is always italicized. 

Organisms that are different species but that belong to the same genus (meaning that they are very similar 
in overall form and are more closely related to each other than to members of any other genus) have the same 
genus name. For instance, our close relatives Homo erectus and Homo habilis share our genus name. 

Specific epithets may be shared by many organisms, regardless of how closely related they are. For 
instance, Tyrannosaurus rex shares its specific epithet with Othnieiia rex (an Ornithopoda dinosaur), 
Nuraiagus rex (a giant extinct rabbit), Comitas rex (a sea snail), and Cattieya rex (a flower). However, the 
specific combination of genus name and specific epithet is not permitted to be shared by any two species. 

There are a few other rules governing how a species gets its binomial name. The rule of priority states 
that, once a species has officially been given a binomial name, the name cannot be changed (unless it turns out 
that the organism is not really a new species, in which case, the binomial name is abandoned). To give a 
new species a binomial name officially, a biologist must publish a description of the species in a 
widely distributed and peer-reviewed scientific publication, and must designate a holotype specimen. The 
published description must include a list of characteristics or combination of characteristics that makes the 
new species unique. 

A peer-reviewed scientific publication is one that is not published until it has been reviewed by 
other scientists to verify that the contents of the publication are legitimate and scientifically reasonable. 

A holotype specimen is a physical example of the new species, and it must be kept in a research institution, 
such as a university or a museum, therefore, that other scientists may study it, be able to both verify that it is a 
distinct species, and compare it to other potentially new species that are later discovered. 

A holotype specimen does not necessarily need to be a complete specimen (a broken or partial specimen will 
do, as long as it shows the unique characters that make it a distinct species). Holotype specimens of 
dinosaur species are hardly ever complete. 

As an example, the 'University of Alberta Laboratory for Vertebrate Paleontology' houses the 
holotype specimen (UALVP 48778) of a small dinosaur called Hesperonychus elizabethae. The genus name is 
Hesperonychus, and the specific epithet is elizabethae. UALVP 48778 includes only a partial pelvis, but this 
pelvis provided enough information for paleontologists to determine that it represented a new kind of 
Dromaeosauridae Theropoda. The description of the new genus and species was published in the peer-reviewed 
journal 'Proceedings of the National Academy of Sciences.' 

4.2 Describe Sources Of Morphological Variation 

You might think that identifying a new fossil species is as simple as pointing out the differences in the 
anatomy of two animals, and that is that. However, there are many reasons that one individual may look 
different from another individual, even if both belong to the same species! 

Individuals that differ in morphology, because they belong to different species, represent 
interspecific variation. Individuals that belong to the same species, but that have different morphologies, 
show intraspecific variation. 

There are several potential sources of intraspecific variation that we need to take into account when trying 
to identify a new species of dinosaur. First of all, males and females of the same species can look different, and 
this is called sexual dimorphism (or sexual variation). Think about animals like deer, where the males have 
antlers but the females do not. There are many examples of sexual dimorphism in modern animals, and 
therefore, dinosaurs may have exhibited sexual dimorphism as well. 
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Ontogenetic variation is the variation that you can see between young individuals and old individuals of 
the same species. Besides size differences, animals can change shape as they progress through ontogeny, 
which is a fancy way of saying 'as they grow up'. Puppies often have shorter snouts relative to their overall 
head size, compared to fully-grown dogs. 

Individual variation is the normal variation that exists among individuals of a given species. Take 
humans, for example: we come in a variety of sizes as adults, and things like eye and hair color vary among 
individuals. 

The last source of variation that we need to consider when thinking about fossils is not biological in origin, 
but geological: taphonomic processes, like plastic deformation, can change the shape of a bone, resulting in 

taphonomic variation. 

4.3 Identify The Necessary Types Of Evidence Required To Delimit 
Species Based On The 'Biological Species Concept' Versus The 
'Morphological Species Concept' 

Now that we have described how a species gets its name, we come to a serious question! 

What exactly is a species? 

There is no single definition or agreed-upon concept of what a species is. The most common species concept 
is the 'Biological Species Concept,' which defines a species as a group of organisms that can 
successfully interbreed. This 'Species Concept' works well when applied to most modern animals and 
many plants. However, it cannot be applied to the majority of those modern organisms that reproduce 
asexually and which, therefore, cannot be said to interbreed at all. Nor can the 'Biological Species Concept' be 
applied to extinct organisms of any kind, since testing whether or not two fossils can mate is impossible. 

To make matters even more complicated, a single species can sometimes be divided into separate groups by 
geographic barriers. Each of these geographically separate groups of individuals is called a population. A 
population is any grouping of organisms that live in the same geographic area and interbreed. One or more 
populations make up a single species. Instead, paleontologists rely on the 'Morphological Species Concept.' 

The 'Morphological Species Concept' defines a species as a group of organisms that share a certain degree 
of physical similarity. In dinosaur paleontology, the 'Morphological Species Concept' is often applied as it relates 
to the 'Biological Species Concept.' That is, fossil specimens are assumed to belong to the same species if their 
physical similarities are consistent with the similarities that would be expected (based on the general pattern of 
physical similarity observed in modern species) between members of a group that can successfully interbreed. 

4.4 Explain What Types Of Evidence Are Available In The 
Fossil Record To Define A Species 

You might think that identifying a new fossil species is as simple as pointing out the differences in the 
anatomy of two animals. However, there are several factors that may cause one individual to look different 
from another individual, even if both belong to the same species. Individuals that differ in morphology but 
belong to the same species are said to exhibit intraspecific variation. 

Obviously, defining species using the 'Morphological Species Concept' is not an exact science, and trying to 
do so may be confounded by a variety of factors. Consider, for example, the taxonomic conundrum that a 
future paleontologist might face when discovering the skulls of an adult female moose, an adult male moose, 
and a juvenile male moose. 

Assuming that the futuristic scientist was not familiar with the sexual dimorphism and ontogenetic patterns 
of moose and their relatives, this paleontologist might be inclined to consider the more robust and antlered skull 
of the adult male moose to belong to a different species than the female and juvenile. 

The paleontologist might also be inclined to reason that the juvenile was just as likely to be a 
separate species of small deer or to be a juvenile form of either adult. Sexual dimorphism and 
ontogenetic change are both factors that make the 'Morphological Species Concept' tricky to apply, especially 
given the incompleteness of the fossil record. 

Because of these and other confounding factors, there is considerable disagreement among paleontologists 
over how much of a morphological difference is needed to consider reasonably one species of dinosaur as 
distinct from another. Paleontologists who require more differences before they consider two species to be 
distinct are called lumpers. Paleontologists who require fewer differences before they consider two species to 
be distinct are called splitters. Whether you are a lumper or a splitter can have a big effect on the 
total number of dinosaur species you recognize, and on your interpretations of dinosaur species diversity. 
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Illustration 184 : Hesperonychus (Restoration) 


Let us finish off with another look at Hesperonychus. Hesperonychus is one of the smallest known dinosaurs 
from North America. 

How did paleontologists know that it was a new species, rather than an 
individual of an already named species? Since it is small, could it be a juvenile 
of another species? 

The specimen had several unique features on the pelvis that were not seen in any other 
Dromaeosauridae Theropoda, which suggests that it was a new species. Additionally, the bones of the pelvis 
were tightly fused together. In juveniles, the bones of the skull, vertebrae, and pelvis are not tightly fused 
together, and you can see the sutures between individual bones. The sutures were not visible in the 
Hesperonychus pelvis, suggesting that it was a fully-grown individual that had a small adult size. 

Sexual dimorphism is harder to test, but none of the differences in the pelvis seemed likely to relate to 
sex-specific functions. Finally, the pelvis was well preserved, and taphonomic deformation could not have 
produced the unique features. Therefore, naming the specimen as the holotype of a new species seemed to be 
the right choice. 
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Evolution 


1 Clades 

We have spent a lot of time so far in this course talking about the things that make dinosaurs different from 
one another. For example, we have talked about anatomical differences, body coverings, eating behaviors, 
various locomotion styles, a.s.o. Dinosaurs evolve from a single common ancestor species. 

1.1 Genetic Mutation 

How did the different lineages evolve and differentiate from one another? What 
groups of dinosaurs share certain characteristics and might be more closely 
related to one another? 



Illustration 185 : Charles Darwin 


In this lesson, we are going to discuss dinosaur evolution and dinosaur evolutionary relationships. The 
'Theory of Evolution' was first outlined by the British naturalist Charles Darwin in 1859. Since Darwin's time, 
our understanding of the evolutionary processes has deepened considerably. However, the basics of the theory 
have remained unchanged. Although evolution is commonly misunderstood and misrepresented, the theory is 
actually quite simple. Darwin's big idea elegantly explains how new species arise. Not from a mysterious or 
unobservable source, but from the inevitable interactions of three basic characteristics of life. 

1. If unchecked, organisms produce more offspring than can ultimately be sustained in any 
environment. 

2 . Organisms tend to resemble their parents. This is because parent organisms pass on some or all of 
their genetic code to their offspring. 

3 . Occasionally, organisms are produced that have novel traits, or novel trait variations. 

Although Darwin did not know it, one source of these novelties is genetic mutation. 

Now, here is how the theory of evolution puts these three basic principles together. 

Because more organisms are produced, they can survive in an environment some organisms do not survive. 
This means that organisms of different species must compete for resources. Similarly, organisms of the 
same species must compete for resources amongst themselves. 

Most of the time, organisms that have a genetic novelty will be at a slight competitive disadvantage, 
because most mutations are detrimental. However, every so often, one of those novelties will be an advantage. 
That means, the organism with the novelty will be more likely to outcompete the organisms that do not have it. 
In addition, the advantaged organism will have a better chance of surviving and reproducing. 

Now comes the critical part, because of inheritance, the offspring of the organism with the advantageous 
genetic novelty are likely to take after their parent. In which case, the offspring who inherit the 
advantageous novelty will also have a better chance of surviving and reproducing. Eventually, organisms with 
the advantageous novelty may come to dominate the entire population. This process will naturally repeat itself 
with more and more advantageous traits, building up in the population. Eventually, enough traits will 
accumulate. The genetic code of the population will be so different from its ancestors that it will constitute a 
new species. That is evolution in a nutshell. 
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It is often incorrectly said that evolution is a random process. Just the opposite is true. While 
genetic mutations may occur randomly, the evolutionary process that weeds out disadvantageous mutations 
and favors advantageous mutations is a selective process. 

When we have been talking about dinosaur groups, we have often focused on what makes them different 
from one another. However, we can also look at it from another angle. 

What do certain species share in common? 

Lambeosaurus, Corythosaurus, and Parasaurolophus are three Hadrosauridae from the 'Dinosaur 
Park Formation' of Alberta. The crest has a different shape in each of them. Lambeosaurus has a double crest, 
while the similar-looking Corythosaurus has a single crest, and Parasaurolophus has a single, elongate crest. 
However, in all three skulls, the crest is formed from the same bones, and the crest is hollow, which is a 
characteristic of Lambeosaurinae and Hadrosauridae; all the skulls have a wide beak and modified 
dental batteries, a characteristic of Hadrosauridae. In addition, all skulls have the predentary bone present in 
Ornithischia dinosaurs. 



Edmontosaurus 


Euoplocephatus 


urus 


Corythosaurus 


1.2 Shared Derived Character (Synapomorphy) 

_ Triceratops 

Tyrannosaurus 


Here are the heads of a number of dinosaurs. We are going to draw some circles to show certain groupings. 
The Ankylosauria, Euoplocephalus, Ceratopsia, Triceratops, and all of the Hadrosauridae have a 
predentary bone; therefore, we can draw a circle around them. The Ankylosauria and Ceratopsia do not have 
the broad beak of the Hadrosauridae; therefore, we will draw a circle around the Hadrosauridae and leave the 
other Ornithischia out. Three of the Hadrosauridae have a crest, but one does not. Therefore, we can draw a 
circle around the crested Hadrosauridae. 

These final three Hadrosauridae are called Lambeosaurinae Hadrosauridae. Each of them has a hollow crest 
on the top of its head. The hollow crest of the Lambeosaurinae Hadrosauridae is something we can call a 
shared derived character. A character is a feature that we can describe and label, and has to be heritable. A 
shared derived character is a feature that is present in two or more species and their common ancestor, but not 
more distant relatives. Another word for shared derived character is synapomorphy. 

What is the shared derived character of the circle that includes the 
Ankylosauria, Ceratopsia, and Hadrosauridae but not the Theropoda? 

A) Large horns and armor 

B) A dental battery 

C) Rear-pointed pubic bone 

Well, all these features are shared by at least two of the dinosaurs. It is the hip structure, the rear-facing 
pubis that the Ankylosauria, Ceratopsia, and Hadrosauridae all share, although Theropoda does not. In 
other words, every dinosaur inside the circle is an Ornithischia, or bird-hipped, dinosaur, as we learned back in 
the first lessons of this course. The Tyrannosaurus \s a Saurischia, or lizard-hipped, dinosaur. 

Therefore, we have drawn circles around different groups of dinosaurs, allowing us to focus in on species 
with certain shared derived characters, or synapomorphies. Paleontologists use the same method of looking for 
synapomorphies to classify different groups of dinosaurs. To explore this concept further, let us take a look at 
some Ceratopsia, a major group of Ornithischia dinosaurs. 


D) Fenestra in front of the orbit of 
the skull 
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Here, we have Centrosaurus, Chasmosaurus, Triceratops, Styracosaurus, Protoceratops, and Liaoceratops. 
The frills that pointed back are each a shared derived character of all the Ceratopsia. We will start by circling 
the whole group. 

Horns on the face are a shared derived character of a subset of the Ceratopsia, Chasmosaurus, Triceratops, 
Styracosaurus, and Centrosaurus. We will put a circle around these four. 

However, the shapes of the horns are not the same in all of them. Chasmosaurus and Triceratops have short 
nose horns and long eyebrow horns. Centrosaurus and Styracosaurus have short eyebrow horns and long 
nose horns. We will circle each of these two groups. 

Protoceratops and Liaoceratops do not have horns on their faces, but they do have frills and pointed beaks. 
Protoceratops has a longer frill than Liaoceratops. We will leave these two animals out of the facial horn subset. 
Liaoceratops is from the Early Cretaceous of China. This was a small bodied, early Ceratopsia that lacked horns. 
Nevertheless, it does have a few features that we find in all Ceratopsia. The back of the skull is expanded into a 
shelf, which in later Ceratopsia becomes a frill. Over time, the frill evolved into a larger and larger structure like 
what we see in Protoceratops known from the Late Cretaceous of Mongolia. Like Liaoceratops, it does not have 
horns, but you can see how the frill is larger with a pair of openings called fenestra. 

Later in their evolution, Ceratopsia evolved a nose horn and small bones on the edge of the frill. We call 
Ceratopsia with a nasal horn and these small frill bones Ceratopsidae Ceratopsia. A group of species that shares 
a common ancestor is called a clade. The nasal horn is a synapomorphy, or shared derived character, of the 
Ceratopsidae clade. 

Let us spend some more time on this concept of synapomorphy. 



What is a shared derived character, or synapomorphy, of Pachycephalosauria? 

A) Bipedalism C) An Ornithischia hip arrangement 

B) A thick, domed skull 

Although Pachycephalosauria have all of these features, it is only the thick, domed skull that all 
Pachycephalosauria share. Other dinosaurs do not have this characteristic. Some of the features, such as 
bipedalism and bird-like hips, are shared with other dinosaurs and are not exclusive to this group. Therefore, 
the correct answer is B, a thick, domed skull. 
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2 Convergence 




Here is a new pair of animals to think about. These are Spinosaurus and Ouranosaurus, both of which have 
long processes on the vertebrae of their backs that give them a hump, or sail-like, structure. If we are trying to 
group and classify groups of dinosaurs, we might think that having a sail was a shared derived character in 
groups Spinosaurus and Ouranosaurus together, but there are some really big differences between Spinosaurus 
and Ouranosaurus. Spinosaurus had sharp teeth, a 3-finger hand, and other features that shows that it is clear 
a Theropoda dinosaur. Ouranosaurus has a spike-like thumb, a dental battery, and was an Iguanodon, or an 
Ornithischia. 


The sail of Spinosaurus and Ouranosaurus is something called a convergent feature, rather than a shared 
derived character. These two species did not possess a sail, because it was present in their last 
common ancestor, instead each species evolved a sail independently. 


2.1 Convergent Evolution 

Convergent evolution is an interesting process that happens when animals are under similar 
selective pressures. Maybe it is the environment that they live in, or the food they eat. Here are some more 
great examples of convergent evolution. 



Illustration 186 : Ichthyosauria skeleton 


Fast swimming marine predators have a streamlined body, like this Ichthyosauria. This is also the case in 
other animals, like the tuna, shark, and dolphin. 



Illustration 187 : Pangolin and Armadillo skeleton 


Pangolin and armadillo eat termites or ants, have a long snout, reduced teeth, a long sticky tongue, and 
strong fore limbs for opening burrows. Neither of these two animals is closely related to one another. 
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Illustration 189 : Marsupial mole 


Illustration 188 : Mole 

Animals that live underground and burrow have a short body, small eyes, and broad hands. Examples 
include the mole and the marsupial mole. Neither of these species is closely related, even though they are both 
called moles. 

Wings are an excellent example of convergent evolution. In order to fly, you need wings. Birds, bats, and 
pterosaurs all evolved wings in very different ways. 



Illustration 190 : Big-eared bat 


Illustration 191 : Rhamphorhynchus 


Illustration 192 : Sunbittern 


Bats have a membrane, which goes between all five fingers, pterosaurs also had a wing-membrane that was 
supported by just one finger. Well, birds use feathers to fly. 

Sometimes we can recognize conversion features easily if we look carefully at the anatomy. It is easy to see 
that birds, bats, and pterosaurs had very different wing structures. Sometimes anatomical distinction is not as 
easy to see. When we think about the moles and golden moles were thought for a long time to belong to the 
same kind of mammals. However, research that is more recent has shown that golden moles are more closely 
related to elephants than true moles. 

In all of the cases mentioned in this lesson, similar features evolved in unrelated groups. This happened, 
because similar selective existed, not because the animals shared a common ancestor with that feature. 

2.2 Convergent Versus Shared Trait 

Based on what you know about the relationships of modern animals, mark each 
of the following as convergent, or shared. 

A) Bipedalism in humans and birds C) Fins in fish and whales 

B) Five fingers in humans and bats 

Bipedalism has evolved separately in humans and birds; therefore, it is a convergent trait. 

Both humans and bats, and most other mammals, have five fingers in their hands. Therefore, that trait is 
shared. 

Whale flippers are more similar to our hands than they are to the fins of fish. Therefore, once again, that 
trait is convergent. 

2.3 Phylogenetic Analysis 

How do we know if a similar looking structure in two different species is the 
result of shared ancestry or convergence? 

We use a technique called phylogenetic analysis, which creates a family tree of species. This family tree 
diagram is called a phylogenetic tree, or cladogram. When we are looking at a number of species, and we want 
to place them in a cladogram, we assemble a data set called a character matrix that contains lots of 
anatomical details of the species we are studying. The anatomical features are called characters, and the 
differences in the anatomical features are called character states. 
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For Spinosaurus and Ouranosaurus we might make a character called length of the dorsal vertebrae 
neural spine. The character state could be long for these species and short for other species. We can easily 
make other characters: tooth shape, bipedal or quadrupedal, number of holes behind the eye in the skull, a.s.o. 
Phylogenetic analyses work best when there are lots and lots of characters. 


2.4 Protoceratops Character States 

Let us go through the process of identifying some character states for Protoceratops. 


Can you correctly identify character states for the following three 
Protoceratops characters? 



A) Brow horns C) Frill 

B) Beak 

This Ceratopsia has a beak, and a frill. Therefore, those character states are present. However, it does not 
have any brow horns, that character state is absent. Using these same features as well as numerous others, we 
can define character states for other Ceratopsia. By doing this, we can get an idea of what kind of adaptations 
evolved at certain times during the evolution of horned dinosaurs. 


2.5 Parsimony (Occam's Razor) 


Phylogenetic trees are constructed using a principle of parsimony. Parsimony is the idea that all other things 
being equal, the simplest answer is usually the right one. You might hear this referred to as 'Occam's Razor.' In 
evolutionary terms, what this means is that the family tree with the fewest number of evolutionary changes is 
probably the right one. It is an interesting challenge to develop a phylogenetic tree with the fewest number of 
changes. We use a computer program to help us develop phylogenetic trees. 



Illustration 193 : Example of a phylogenetic tree 
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As I mentioned before, a phylogenetic tree is a branching diagram, showing the relationships between 
species. Interpreting these diagrams can be a little tricky at first. The important parts of the tree are the nodes 
and branches. Nodes show us the point at which a species shared a common ancestor. Branches show us how 
the descendants of that common ancestor diverged from one another to become unique. 

2.6 Pachycephalosauria Relatives 



Using this phylogenetic tree, would you say that Pachycephalosauria are 
more closely related to Ceratopsia or to Hadrosauridae? 

A) Ceratopsia B) Hadrosauridae 

Pachycephalosauria are more closely related to Ceratopsia. They branched from one another after their 
common ancestor branched off from the Hadrosauridae lineage. Therefore, A is the right answer. 


2.7 Spinosaurus And Ouranosaurus 



Let us look at our sail-backed animals; Ouranosaurus and Spinosaurus./^ we put these animals back on our 
generalized tree of dinosaur relationships, Ouranosaurus would,be over here, with the Ornithopoda; things like 
Hadrosauridae and Iguanodons. Spinosaurus would be over here, with the Theropoda, or the meat-eating 
dinosaurs. We can see that the sail probably evolved at least twice just within dinosaurs. In order for the sail to 
have been a shared derived character, it would have had to have been present in the common ancestor of all 
dinosaurs and then lost, possibly hundreds of times in everything except Spinosaurus and Ouranosaurus. 


Another hypothesis could be that Spinosaurus is a weird carnivorous Hadrosauridae. That is more closely 
related to Ouranosaurus because of the sail. Then we would have to argue that the sharp teeth, absence of 
predentary bone, pelvis structure, and many other features of Spinosaurus were convergent with Theropoda 
rather than the result of shared ancestry. It is simpler, or more parsimonious, to hypothesize that one feature, 
the sail, was convergently evolved in Spinosaurus and Ouranosaurus, rather than numerous features being 
convergent between Spinosaurus and other Theropoda. This is why we use many characters, rather than just 
one, to determine evolutionary relationships between species. 
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3 Birds 

Up to now, we have been talking mostly about Ornithischia dinosaurs, but we are going to turn our attention 
to the Theropoda. The Theropoda have a very complex family tree, but at the top of that family tree, you can 
see that there are birds. 



Illustration 194 : Archaeopteryx (Restoration) 


The idea that birds are a very specialized type of Theropoda goes back a long way; in fact, to the discovery 
in 1861 of the first skeleton of Archaeopteryx. Archaeopteryx would have been identified as a 
Theropoda dinosaur, because it had a small skull with very sharp, serrated teeth. It had hands that were 
relatively elongated, but there were only three fingers, and those fingers all ended in claws. It had a long 
bony tail, like a Theropoda dinosaur. The difference was though, that Archaeopteryx, even the first specimen 
that was found, was covered with feathers. It was very easy to see the wings, and there was no question: we 
were looking at a bird. 

Thomas Huxley, within 10 years of the discovery of Archaeopteryx, put the whole thing together, and took it 
one step further than Darwin took, and pointed out here we had evidence of birds evolving from a reptile, 
specifically dinosaurs. Huxley's idea that birds came from dinosaurs was the dominant idea for the rest of the 
19 th century. 

3.1 Clavicle 

Early in the 20 th century though, somebody realized that up to that point in time we had never found a 
dinosaur skeleton that in fact had a clavicle. Clavicles are wishbones, and in birds, they are very highly 
specialized as something connected with the wings. However, almost all animals have clavicles. We have 
clavicles, fish have clavicles, and amphibians have clavicles. 

If dinosaurs did not have clavicles, how could they be ancestral to birds? 

If dinosaurs lost the clavicles, they were eliminating themselves from the ancestry of birds, essentially. 



L[ Dinosaurs |-1 




Now, the idea that maybe birds and dinosaurs are closely related to each other, but they are more like 
cousins and they share a common ancestor, then became the dominant idea for most of the 20 th century. 
Around the 1970 s , though that idea started to change, partly because of the discovery of new skeletons of small 
meat eating dinosaurs that clearly did have clavicle bones. As soon as it was realized that some dinosaurs had 
clavicle bones, everybody went back to their collections, and started looking at specimens that were supposed 
to have them, and suddenly finding that they did exist in a wide variety of Theropoda dinosaurs. 
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In the 1980 s , there were other analyses that were done that looked at specialized characters in the skeletons 
of both Theropoda dinosaurs and the earliest birds. It was realized that the earliest birds and dinosaurs shared 
more than a hundred derived characters in their skeletons, and that this is a very strong indication of very close 
relationship with these animals. In fact, there is not as much evidence for transitions from other major groups 
of vertebrates into mammals, for example; therefore, very strong evidence in the skeleton. However, 
many people still did not believe that dinosaurs could give rise to birds, because dinosaurs, of course, look so 
different from birds, and were so specialized in their own way. Some people even went so far as to say, the 
only way you could ever prove that a dinosaur gave rise to a bird is to find a dinosaur with feathers on it. 



Illustration 195 : Sinosauropteryx (Restoration) 

Exactly that happened in 1996. At that time in northeastern China, a little specimen of a 
Theropoda dinosaur, now called Sinosauropteryx, was found, and Sinosauropteryx was covered with downy-like 
feathers. This was only one piece of evidence, but what a piece of evidence it was! It is what convinced 
most people that birds probably came directly from dinosaurs, it is been taken much, much further than that, 
because not only in China, but in many other parts of the world, as well, we have found other 
Theropoda dinosaurs that are also covered with feathers. 



Illustration 196 : Yutyrannus (Restoration) 

This includes a fairly large Tyrannosauroidea, which has down-like feathers on it, it is an animal called 
Yutyrannus. The feathers that we see in non-avian Theropoda dinosaurs cover a whole range of feathers that 
we see in modern birds, and some types that we do not see in modern birds, because they had not even 
evolved when birds started to fly. However, these go anywhere from simple downy feathers, such as the kind 
we find on Sinosauropteryx, to complex feathers that have veins, and the same kind of Velcro-like structure we 
see in the wing feathers of a modern bird. 

Do you think that feathers are a synapomorphy of birds? 

A) Yes B) No 

The answer is no, it is not a synapomorphy. 30 years ago, the answer to this question would have been yes. 
Today we know many dinosaurs with feathers; over 30 different species and counting. We can no longer use 
feathers as a defining characteristic of birds. Therefore, B is the correct answer. 

3.2 Aves 

Living birds all belong to a clade that we call aves. Modern birds all go back to a common origin in the 
Cretaceous when dinosaurs, non-avian dinosaurs at least, were still alive. After the Cretaceous, birds began to 
diversify into the variety of forms that we see today. However, when we go back, and we look at Cretaceous 
and Jurassic birds, we see that the transition in fact becomes blurry the further back we go. 

It is very easy for us to look at a modern bird, like a pigeon, compare it to Veiociraptor, and see what the 
differences are between a non-avian dinosaur and a modern bird. However, it is a lot less easy when we take in 
transitional forms, things like Anchiornis, Archaeopteryx, and Sapeornis, and then suddenly the lines become 
very blurry, and it is hard to define. 
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When we look at feathers as a character that defines birds compared to all modern animals, and you think 
you can apply that to the fossil record, it does not work. Quite simply, there are many feathered dinosaurs. If 
we consider that even the ancestor of Tyrannosaurus rex had feathers, under that kind of a 
classification system, Tyrannosaurus rex would be classified as a bird. Therefore, feathers are not what define 
birds. There are other characters, probably related to flight. 

Another way of looking at it is maybe we should take all living birds, and look at their last common ancestor 
in the Cretaceous. Then, if we define birds that way, it would let out a whole bunch of birds that were flying 
around in the Cretaceous that are a little bit more primitive than the common ancestor of all modern birds. 
Therefore, things like Confuciusornis and the Enantiornithes birds would certainly not considered as birds, but 
as non-avian Theropoda. The point of all this is that the definition of birds is strictly a human construct. It is 
something that is important to us, it was not important to evolution. What we can conclude from this 
very clearly is that birds came directly from dinosaurs. 

What are some of the possible uses for feathers, other than for flying? 


A) Sexual display 

B) Thermal insulation 


C) Protection from the elements, 


like rain 

D) All of the above 


All of these are potential uses for feathers. We now know that feathers evolved well before flight in 
dinosaurs, and it is likely that there were dinosaurs that used feathers for each of these purposes. Therefore, D 
is the correct answer. 

Our understanding of the ancestral relationships between dinosaurs is always growing. Remember, a 
new species of dinosaur is named about every two weeks. As we find new species of dinosaurs, we need to 
place these new finds in our phylogenetic tree. Doing so broadens our understanding of all 
dinosaur relationships. 

As we learn more about dinosaur ancestry, we begin to see that the evolution of these animals is 
interesting, complex, and incredibly beautiful. Some species slowly fadeaway and evolve into other forms. 
Other lineages of dinosaurs are violently cut short through extinction. Finally, other families, like birds, explode 
with diversity. 

4 Learning Objectives 

4.1 Describe The Principles Underlying The Theory Of 
Natural Selection 

Evolution is the great unifying theory of all modern biology. The theory of evolution was first conceived by 
the British naturalist Charles Darwin. Darwin's theory explains how new species come into existence, how 
organisms become adapted to their environments, and why specific groups of organisms share specific traits. It 
also correctly postulated that all life on Earth is related, and shares a single common origin. Despite its 
importance and tremendous explanatory power, evolution is a simple concept, and is based on four 
basic principles of life. 

1. Many of the traits of an organism (everything from how it looks to how it behaves) are heritable. 
Heritable means that the trait is part of an organism's genetic code, and, therefore, will be either, or 
(depending on the type of reproduction) has a chance to be copied to the organism's offspring. 
Heritability is the reason that sons and daughters tend to resemble their parents. A trait must be 
heritable in order for that trait to evolve. 

2. Sometimes organisms have heritable traits that are new, not copied from the organism's parent(s). 
One source for new heritable traits is random genetic mutation. In order for selection to occur on any 
given trait, there must be variation in that trait in a population. 

3. An organism's traits affect how successfully that organism is able to reproduce. Often, a trait's effect 
is indirect - that is, it improves or hinders an organism's ability to survive, which, in turn, affects how 
many reproductive opportunities the organism has. One variation of the trait must provide an 
advantage (or differential success) over the other variations in order for evolution to occur. 

4. Natural environments have limited resources, and competition for these resources permits only 
some organisms to reproduce successfully before they die. Some of the versions of a given trait must 
be 'selected out' of a population in order for evolution to occur, and this must occur because of 
competition for limited resources. 

The theory of evolution combines these four basic principles of life together: 
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The differential success of certain variations of a heritable trait, because of competition for 

limited resources, leads to the change over time (evolution) of that trait in a population. If an organism is born 
with a new trait (say, for example, a woodpecker has a genetic mutation that makes the keratin covering of its 
beak a little stronger) and this new trait improves the organism's ability to successfully survive and reproduce 
(the harder-beaked woodpecker is better able to obtain nutritious food, which improves the quality of the 
woodpecker's mating plumage, allows it to lay healthier eggs, and makes the woodpecker better able to feed its 
young), then that organism is more likely to outcompete other similar organisms (the harder-beaked 
woodpecker consumes more food, and attracts more mates while other woodpeckers starve and are mate-less). 

The beneficial trait will likely be inherited by the organism's more abundant offspring (many clutches of 
harder-beaked woodpeckers' hatch). Over time and generations, the beneficial trait is likely to become 
widespread (harder-beaked woodpeckers thrive, while softer-beaked woodpeckers may eventually become 
extinct). At the same time that one beneficial trait is becoming widespread, so too may many other 
beneficial traits become the norm (for example, sharper woodpecker claws that can better hold onto tree bark, 
more sensitive woodpecker ears that can better detect boring insects, broader wings that can better maneuver 
through forests, or an additional mutation that helps to make the beaks even harder). 

Eventually, when many new traits become widespread, the organisms that have these accumulated 
new traits (the super-hard-beaked, sharp-clawed, sensitive-eared, broad-winged woodpeckers) are so different 
from their ancestors (the soft-beaked, dull-clawed, insensitive-eared, narrow-winged woodpeckers) that they 
constitute a new species. 

The evolution of a new species does not necessarily require the extinction of its ancestor. For instance, a 
new species might simply branch off from an ancestral species if only a single population of the 
ancestral species was exposed to new environmental conditions that favored new traits. While the population in 
the new environment would acquire new traits better adapted to that environment and evolve into a 
different species, the ancestral species might continue to exist in its ancestral environment. 

Thus, evolution uses only basic principles of the natural world to explain how one species can give rise to 
others. It is often mistakenly said that the evolution of new species is a random processes. Just the opposite is 
true. 

While new traits may be introduced by random mutations, the determination of which traits are successfully 
passed on to later generations is not random. Instead, it is based on a specific criterion: how well each trait 
improves an organism's reproductive success. Of course, most random mutations are more likely to diminish 
than they to improve an organism's success. The competitive selective process by which detrimental traits are 
competitively discarded and advantageous traits are retained is called natural selection. 

4.2 Show How Shared Derived Characters Can Be Used To Establish 
Relationships Between Dinosaur Groups 

Evolution provides a framework that modern taxonomy uses to categorize organisms. Organisms are 
grouped together based on their most recent shared common ancestors. For instance, all Hadrosauridae, 
Ceratopsia, Ankylosauria, and Stegosauria share a more recent common ancestor with each other than they do 
with Sauropoda, Plateosauridae, and Theropoda. Thus, Fladrosauridae, Pachycephalosauria, Ceratopsia, 
Ankylosauria, and Stegosauria are grouped together, and we call this group the Ornithischia. 

These Ornithischia and the Saurischia share a more recent ancestor with each other than they do with all 
other amniotes, and we call this group Dinosauria. In other words, all dinosaurs are classified together in a 
group, because all dinosaurs evolved from a single species of amniote Tetrapoda. Within the dinosaurs, all 
Ornithischia are classified together, because they evolved from a single particular species of dinosaur, while 
Saurischia are classified together in a different group, because they evolved from another particular species of 
dinosaur. 

How can we figure out which dinosaurs share a more recent common ancestor, 
and, therefore, should be grouped together? 

This is done by studying characters. A character is any heritable trait that can be described and labeled. A 
shared derived character is a character that is present in two or more groups and their common ancestor, 
but is not present in any more distantly related groups. A shared derived character is also called a 
synapomorphy. For instance, all species of Ornithischia have a special bone in the lower jaw that forms a 
beak, called the predentary, and no other dinosaurs have this special beak bone. Thus, the character of the 
predentary was passed on to all Ornithischia from their ancient shared ancestor and is a synapomorphy that 
testifies to this shared ancestry, and can be used to define the group. 
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4.3 Distinguish Between Similarities Resulting From 

Convergent Evolution Or Shared Derived Characters 
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Illustration 197 : The dinosaur family tree 

Convergent evolution of the sail in the Theropoda Spinosaurus and the Iguanodontia Ornithopoda Ouranosaurus 


Identifying shared derived characters and using them to identify evolutionary related group's sounds easy, 
but often it is not. One of the biggest challenges to determining evolutionary relationships is the 
common phenomenon of convergent evolution. 


Let us take a look at two dinosaurs, Spinosaurus and Ouranosaurus. Spinosaurus is a Theropoda with a 
long snout, sharp teeth, clawed fingers, and long processes on the vertebrae of the back that form a sail. 
Ouranosaurus is an IguanodorKxa with a beak and grinding teeth, hoofed toes, and long processes on the 
vertebrae of the back that form a sail. Spinosaurus has the Saurischia hip arrangement where the pubis points 
forwards, and Ouranosaurus has the Ornithischia hip arrangement where the pubis points backwards. 
Spinosaurus and Ouranosaurus both have a sail, but we do not consider the sail to be synapomorphy, or shared 
derived character between Spinosaurus and Ouranosaurus. Spinosaurus has many of the synapomorphies of 
Saurischia and Theropoda, and Ouranosaurus has many of the synapomorphies of Ornithischia and 
Ornithopoda. Therefore, the most likely evolutionary scenario is that the sail in Spinosaurus evolved 
independently of the sail in Ouranosaurus. 

A sail evolved twice in Dinosauria: once in the lineage leading to Spinosaurus, and once in the lineage 
leading to Ouranosaurus. The evolution of similar traits in two different lineages is termed 

convergent evolution. 

Usually, convergent evolution results when two lineages must adapt to similar environments and to 
similar modes of life. We are not really sure what the function of the sail was in Spinosaurus and Ouranosaurus, 
but we have talked about many examples of convergent evolution in the lesson on feeding adaptations. 

For example, Spinosaurus has a long snout with conical teeth, similar to the jaw structure seen in some 
crocodilians and other piscivorous animals. The need to adapt to feeding on aquatic prey is probably 
responsible for the similarity in the tooth and jaw structures of the two groups. 

Another excellent example of convergent evolution is the evolution of wings in flying vertebrates. Birds, 
pterosaurs, and bats all evolved wings from the forelimbs, but did so in different ways, pterosaurs have a wing 
made of a membrane supported by just one long finger. Bats (which are mammals) have a wing made of a 
membrane supported by several fingers, and birds have a wing made of feathers, and have fused the 
hand bones into a single unit. 


4.4 Use A Family Tree To Show The Relationships Between Groups 
Of dinosaurs 


Suppose that in the previous example you had no particular reason to suspect that the similarities between 
Spinosaurus and Ouranosaurus were the result of convergent evolution. 

How could you figure out that Ouranosaurus was an Ornithopoda dinosaur and 
not a Theropoda? 
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The answer is obvious. Although Ouranosaurus has a sail like Spinosaurus, it shares many more traits in 
common with Iguanodontia (such as grinding teeth and a beak), and Ornithischia (a backwards-pointing pubis, 
a predentary bone, and more). It is simpler to assume that the one character in common between 
Ouranosaurus and Spinosaurus (the sail) is the result of convergent evolution, than it would be to assume that 
the huge number of similarities between Ouranosaurus and Iguanodontia are all the result of convergence. The 
idea that 'all other things being equal, the simplest answer is usually the right one' is called parsimony. 
Parsimony is also referred to as Occam's razor. 

Figuring out the relationships between only a few kinds of distantly related organisms is usually not too 
hard, as we can rely on our own ability to judge which of a handful of alternative relationships is the most 
parsimonious. To determine the evolutionary relationships between large numbers of species, many of which 
may be closely related, and to take into consideration a large number of characters, paleontologists use 
computer programs. 

These programs analyze a list of characters that is first compiled by the researcher. This list is called a 
character matrix. Based on the character matrix, the computer program applies the principle of parsimony to 
arrange the organisms in a sequence of relationships that requires the fewest instances of 
convergent evolution. The resulting arrangements look like diagrams of a 'family tree' and are called 

phylogenetic trees. 



Only one of these phylogenetic trees shows a clade highlighted in grey - the left tree. The middle and right trees do not include all of the 
branches from the earliest node 

Phylogenetic trees are composed of nodes and branches. A node is where two branches diverge, and 
shows the point at which two lineages shared a common ancestor. After a node, the pattern of subsequent 
branches and nodes shows how the descendants of that common ancestor continued to diverge from each 
other. A group of species that share a common node is called a clade. Clades can be very small (even as small 
as two species), or very large - there are no size limits. A clade must contain the ancestor of a group, and all of 
its descendants. A group that does not include all of the descendants of a common ancestor is, therefore, not a 
clade. 

In previous biology courses you may have been taught a system of classification that we call the 
'Linnaean Hierarchy,' which classifies organisms as belonging to a Kingdom, Phylum, Class, Order, Family, 
Genus, and Species. While the 'Linnaean Hierarchy' works pretty well, especially considering it was formed long 
before our current ideas about natural selection and evolution had solidified, the original classifications do not 
always work well with our current understandings of the evolutionary relationships of organisms. For example, 
Mammalia (mammals), Aves (birds), Pisces (fish), and Amphibia (amphibians, lizards, snakes, crocodiles, and 
turtles, but also sharks, rays, and some fish!) were all classified at the equivalent rank of Class. However, we 
can trace all four-limbed animals (the Tetrapoda, including mammals, reptiles, birds, and amphibians) back to a 
fish ancestor - Class Mammalia, Aves, and Amphibia are all a subset of Class Pisces (now called Osteichthyes). 
One of the best examples of this problem is what to do with the birds... 

4.5 Evaluate The Evidence For A dinosaurian Origin Of Birds 

When the theory of evolution was first proposed by Charles Darwin in the 1800 s , many scientists were 
skeptical, and wanted to see more evidence supporting evolution in the fossil record. These skeptics reasoned 
that, if indeed new species evolved from ancient species, and if all life shared a common evolutionary history, 
then fossils should exist of major 'missing links' - that is, organisms that show an evolutionary connection 
between two major groups of organisms by displaying some traits that are characteristic of one group, and 
some traits that are characteristic of the other group. 
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Thomas Henry Huxley was a close colleague of Charles Darwin, and one of the earliest advocates for the 
theory of evolution. Huxley was also the first scientist to recognize that birds evolved from dinosaurs, and he 
cited the newly discovered specimens of Archaeopteryx as fossils of a 'missing link' between dinosaurs and 
birds. Specimens of Archaeopteryx had been found exquisitely preserved in fossil lake deposits. These 
specimens clearly show that Archaeopteryx has long wing feathers and tail feathers just like a bird, but they 
also show that Archaeopteryx had teeth, clawed fingers, and a long series of tail vertebrae just like a dinosaur. 
With the help of Archaeopteryx, Thomas Henry Huxley showed that transitional forms do exist in the 
fossil record, just as the theory of evolution predicted, and also showed that birds are a branch of the dinosaur 
family tree. 


* 
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Illustration 198 : Sinosauropieryx (Restoration) 

Of course, not everyone was convinced by Huxley's arguments. It took many years before the theory of 
evolution was fully accepted by the entire field of biological science, and even longer for the theory of a 
dinosaur origin of birds to be fully accepted. Since Huxley's time, paleontologists have come to recognize an 
increasing number of characters that birds and other Theropoda dinosaurs share. One of the most significant 
shared characters was discovered in a specimen of the little dinosaur Sinosauropteryx. Sinosauropteryx was the 
first non-avian (non-bird) dinosaur to be discovered with feathers. The feathers of Sinosauropteryx had a 
simple structure, compared to the feathers of modern birds, and were used for insulation, not for flight, but 
they were feathers just the same. Many other small Theropoda specimens have since been found with feathers, 
some with complex flight feathers. Recently, feathers have also been found on specimens of the large 
Tyrannosauroidea Yutyrannus, showing that some large dinosaurs had them as well. 

Birds are the only clade of dinosaurs alive today. Birds can be classified as Theropoda dinosaurs, because 
they evolved from Theropoda dinosaurs. However, where we draw the line between non-avian 
Theropoda dinosaurs and 'birds' is more complicated than you might think. Many fossils of bird-like dinosaurs 
and dinosaur-like birds have been found, that the line between dinosaur and bird is blurry. Let us finish this 
lesson by discussing some different definitions for 'bird'. 

What is a bird? 



Many paleontologists use aves to refer to the crown group of birds, which includes all living birds as well as 
extinct taxa, like the dodo and moa. Another clade name, Avialae, is generally equivalent to 'flying dinosaurs', 
which includes extinct species that looked very similar to modern birds, including Archaeopteryx. However, 
'birds' can be defined in several ways: 



Definition 1: Archaeopteryx and all of its descendants 


Problem: New phylogenetic analyses sometimes show that Archaeopteryx is more closely related to the 
Dromaeosauridae Theropoda than to modern birds. 
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Definition 2: Feathered dinosaurs 

Problem: As more and more feathered dinosaur fossils, like Yutyrannus, are found, more dinosaurs are 
included in this definition. For instance Tyrannosauroidea would now be considered birds! 



Definition 3: Flying dinosaurs 

Problem: It is difficult to determine exactly which dinosaurs were capable of flying (as opposed to simply 
gliding). 



Definition 4: Crown dinosaurs. This somewhat technical term that means the last 
common ancestor of all extant birds and its descendants. 

Problem: This definition fails to recognize many feathered and flying dinosaurs that are more closely 
related to modern birds than to Archaeopteryx as birds. However, this is the definition favored by 
many paleontologists. We then use the name Avialae for the clade containing Archaeopteryx and all of its 
descendants. 
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Stratigraphy And Geologic Time 

1 Deep Time 

So far, in this course, we have been talking a lot about the day-to-day, and sometimes year-to-year, lives of 
dinosaurs, but these dinosaurs died tens or even hundreds of millions of years ago. In this iesson, we are going 
to talk about when different groups of dinosaurs lived, and start thinking about, what paleontologists often call, 
deep time. 

1.1 Radiometric Dating 

We know when certain events happen, because we use radiometric dating on rocks that formed during that 
event to determine how old those rocks are. Radiometric dating uses the natural breakdown of 
radioactive isotopes in the environment to calculate the age of a rock. 

When an igneous rock solidifies from its molten form, it starts out with an isotope ratio equal to that found 
in its environment. Over time, the radioactive atoms in the rock break down. Using a mass spectrometer, we 
can measure the ratio of radioactive isotopes in the rock compared to the atom into that the isotope has 
decayed. This ratio allows us to estimate the age of a rock. 

1.2 Dating Sedimentary Rocks 

Do you think that sedimentary rocks can be used in radiometric dating? 

A) Yes B) No 

Sedimentary rocks cannot typically be used for radiometric dating. Sedimentary rocks are formed from the 
broken up parts of other rocks rather than cooled and solidified molten rock. This makes dating fossils usually 
found in sedimentary rocks difficult. However, we can use volcanic ash layers, which are relatively common and 
found within sedimentary rocks, as a way to get a good estimate for the ages of fossils nearby. 

Using radiometric dating techniques, geologists have estimated the oldest rock on Earth is about 
4,400,000,000 years old. Rocks on the Moon are at least 4,500,000,000 years old. Our best estimates tell us 
that the Earth formed about 4,600,000,000 years ago. 

2 Geologic Time Scale 
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Illustration 199 : Geologic time scale 


2.1 Hadean Eon 

The Earth has been around for about 4,600,000,000 years, but it is hard to visualize just how many years 
4.600,000,000 are really. Therefore, let us talk about geological time, to see some of the major divisions of the 
history of Earth, and some of the important events that occurred in the development of the planet and the 
evolution of life. We will start when the solar system is formed, 4,600,000,000 years ago. The first minerals on 
Earth are just starting to solidify. A rogue planetoid collides with the Earth, and the Moon is formed. 
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It is a tumultuous time. Earth is being constantly bombarded by meteorites, the surface is partially molten, 
and there are innumerable active volcanoes. The first oceans formed during this time. We call this the 
Hadean Eon, named after the Greek god of the underworld, Hades. About 500,000,000 years later is when we 
think the first self-replicating RNA-molecules formed in the oceans. The RNA-molecule is the building block of all 
later life forms. 

2.2 Achaean Eon 

4,000,000,000 years ago marks the beginning of the Achaean Eon, and this is where we find the 
oldest fossils. These were single-celled organisms, probably bacteria, and Archaea. One of the most important 
events in the history of life occurred about 3,500,000,000 years ago; the evolution of photosynthesis by 
Cyanobacteria, which ultimately produced the 0 2 in our atmosphere. Life was pretty much represented by 
single-celled bacteria and Archaea for a long, long time. 

What span of time do you think is shorter? 

A) The time from when the Earth formed to when the first multicellular life appeared in the 
ocean 

B) The time from when the first multicellular life appeared to today 

It took about 3,000,000,000 years for the first multicellular life forms to appear on the planet. However, it 
has been less than 2,000,000,000 years since the first multicellular life forms appeared. Therefore, the 
correct answer is B. 

2.3 Proterozoic Eon 

We are now passing into the Proterozoic Eon. The oceans are dominated by single-celled organisms, and the 
atmosphere becomes more and more oxygenated. Around 1,700,000,000 years ago marks the origin of the first 
multi cellular organisms. However, fossils this old are very rare. Single-celled organisms are small and soft, and 
unlikely to fossilize. Additionally, rocks of this age often underwent metamorphosis, turning them into different 
kinds of rocks. Unfortunately, this process of metamorphosis destroys fossils. As such, our understanding of the 
fossil record of single-celled and earliest multi-cellular organisms from this Era is pretty poor. 

2.3.1 Ediacaran Period 

The end of the Proterozoic Eon is a weird and special time in the evolution of life. The last part of the 
Proterozoic Eon, starting about 630,000,000 years ago, is called the Ediacaran period. In addition, it is here we 
have some of the first large and well-preserved multi-cellular organism. The problem is that the 
Ediacaran fossils are so weird, and unlike anything-alive today, that it can be hard to pinpoint what groups of 
animals they represent. 

2.4 Phanerozoic Eon 

Here we are at the beginning of the Phanerozoic Eon. Phanerozoic means visible life, and it is within this Eon 
that the most familiar forms of life evolved. The Phanerozoic Eon is divided into three eras: Paleozoic, Mesozoic, 
and Cenozoic. 

2.4.1 Paleozoic Era 

2.4.1.1 Cambrian Period 

The first period of the Paleozoic Era is the Cambrian period. 540,000,000 years ago, a special event we call 
the Cambrian explosion occurred. It was not a literal explosion, but an explosion in the diversity of multi-cellular 
life forms. Many familiar kinds of animals appeared at this time, like sponges, mollusks, and worms. The 
extinct Arthropods called Trilobites appeared at this time. 



Illustration 201 : Opabinia (Reconstruction) 
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Illustration 202 : Pikaia (Life reconstruction) 

There were also a variety of unusual Arthropod predators, without close relatives, like Anomalocaris, or 
Opabinia. Finally, the very first relatives of the vertebrates occurred like Pikaia. The Burgess shale in 
British Columbia, Canada, is one of the best records of life during the Cambrian explosion. From here on out, 
the oceans become a pretty happening place. The seas are full of Trilobites, Echinoderms, Nautiloids, Bivalves, 
Brachiopods, and Corals. 

2.4.1.2 Ordovician Period 

By the middle of the Ordovician period, about 460,000,000 years ago, the first fish, the Ostracoderms had 
evolved. However, jaws would have to come later, about 30,000,000 years later, with the appearance of the 
Placodermi and Acanthodii. 

2.4.1.3 Silurian Period 

The first organisms ventured on to land about 450,000,000 years ago. In the Silurian period, 
420,000,000 years ago, land plants had begun to diversify, and millipede like Arthropods scuttled beneath. Back 
in the seas low fin-fish or Sarcopterygii appeared at about the same time, and would eventually give rise to the 
first amphibians. 

2.4.1.4 Devonian Period And Carboniferous Period 

About 370,000,000 years ago, in the Devonian period, amphibians first ventured on to land during the 
Carboniferous period, a time of vast swampy forests of tree-like plants, unrelated to living trees. These forests 
form the basis for many of our coal deposits today. The first reptiles appeared towards the end of this period, 
about 310,000,000 years ago. 

2.4.1.5 Permian Period 



Illustration 203 : Pangaea 


During the Permian Period, the continents collided to form one giant continent called Pangaea. This is also 
when reptiles evolved into the three main lineages of hard shelled, egg laying vertebrates. The Synapsida, 
which included the mammals, Diapsida, which included crocodiles, birds, snakes and lizards, and the Anapsida, 
which included the turtles. The end of the Permian Period saw the greatest mass extinction that ever occurred, 
and this event marks the end of the Paleozoic Era. 

2.4.2 Mesozoic Era 

The mass extinction at the end of the Permian Period, which closed out the Paleozoic Era, led to an 
incredible time in Earth's history, the Mesozoic Era. The Mesozoic Era is the main focus of all the material in this 
course, because it is best known as the 'Age of Dinosaurs.' Now, we are going to describe the three periods of 
the Mesozoic Era in more detail shortly, but for the time being, I have a question for you about vertebrates and 
the Mesozoic Era. 
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2.4.2.1 Mammals And Dinosaurs 

There were several groups of vertebrates that existed during the Mesozoic Era. Dinosaurs were the 
dominant group throughout most of the Mesozoic Era. Mammals were also vertebrates. 

Did the first mammals appear before or after the non-avian dinosaurs went 
extinct at the end of the Mesozoic Era? 

A) Before B) After 

A is the correct answer. The earliest mammals appeared about 225,000,000 years ago, very shortly after the 
first dinosaurs, and the first birds evolved during the Mesozoic Era. Another catastrophic extinction at the end of 
the Cretaceous Period marks the close of the Mesozoic Era, and the beginning of the Cenozoic Era. 

2.4.3 Cenozoic Era 

After the Mesozoic Era came the Cenozoic Era. This Era is often called the 'Age of Mammals.' Mammals 
became quite large and dominated the wildlife on the planet during the Cenozoic Era. The earliest primates 
evolved shortly after the end of the 'Age of Dinosaurs,' but great apes did not evolve until about 
12,000,000 years ago. From there, it is just a short amount of time to the earliest humans, which evolved from 
great apes about 7,000,000 years ago. Our genius and species Homo sapiens have existed for about 
200,000 years. All of recorded human history has occurred in the last 10,000 years. When you think about the 
long history of Earth, we have only existed for the blink of an eye. 

If all of Earth history was compressed into a single day, such those 
4,600,000,000 years were equal to 24 hours, for how much of that 24 hours 
have humans existed? 

A) 1 s C) 1 min 

B) 30 s D) 5 min 

If all of Earth history were compressed into a single day, modern humans would have only existed till the 
last second of it; therefore, A is the correct answer. The Earth is incredibly old, more so than most of us can 
truly comprehend. 

What is the Era that we live in today? 

A) Proterozoic C) Cenozoic 

B) Mesozoic 

We live in the Cenozoic Era; therefore, C is the correct answer. 

The non-avian dinosaurs we are studying in this course lived in the Mesozoic Era. Speaking of which, it is 
time to start talking about rocks from the Mesozoic Era, more specifically, those from the Cretaceous Period. 

3 Stratigraphy 

3.1 Principle Of Superposition 



Illustration 204 : Dinosaur Provincial Park 
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Sediments are laid down in rivers, lakes, oceans, and deserts in layers, and these layers are laid down in 
sequences. Therefore, for example, the lowest layers are the oldest layers, and ones laid on top of them are the 
younger layers. Now, here in 'Dinosaur Provincial Park' we have lots of good evidence of this 'Principle of 
Superposition/ which is what forms the basis of stratigraphy, we have three layers of strata here, three 
different rock formations. 



Illustration 205 : Bearpaw Formation 


The highest one is the 'Bearpaw Formation.' It is about 70,000,000 years old. The 'Bearpaw Formation' was 
laid down in an ocean that covered much of North America about 70,000,000 years ago. Most of the rocks we 
see are 'Dinosaur Provincial Park Formation.' The 'Dinosaur Park Formation' was laid down basically on lands by 
rivers, lakes, marshes, swamps, and those kinds of things. The rocks are quite different, because they are 
coarser, and they show different structures in them. 

Therefore, the whites represent river channels, for example, and the grays represent the over-bank deposits 
in between the rivers. These were laid down roughly 72,000,000 years ago. Below the 'Dinosaur 
Park Formation' there is a ledge of red iron stone, and below that are cliff-forming sand stones, which are 
yellowish in color; this represents the 'Oldman Formation.' It is a slightly older formation, it formed under a 
slightly drier environment, and the sediment was coming from a different source. In addition, because of that 
the rocks look a little bit different, because it represents an older time, about 77,000,000 years old; the 
dinosaurs we find in that formation are very different from the ones we find in the 'Dinosaur Park Formation.' 
The rocks themselves have their own characteristics, we can follow them for great distances, and we, generally 
of course, only see them where the rocks are exposed. Flowever, the 'Dinosaur Park Formation' extends all the 
way down to the United States border, whereas the 'Bearpaw Formation' extends almost all the way through 
Western North America. 

3.2 Alberta Badlands 
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Flere is a view of the 'Alberta Badlands.' We have labeled the major rock formations for you. 

Which layer of rock is the youngest? 

A) The Bearpaw Formation C) The Oldman Formation 

B) The Dinosaur Park Formation 

The 'Bearpaw Formation' is the youngest, as it is the highest formation. The 'Dinosaur Park formation' is 
older, and the 'Oldman Formation' is the oldest. Therefore, A is the correct answer. All of these rock layers 
were laid down during the Cretaceous Period of the Mesozoic Era. 
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It is pretty easy to interpret the stratigraphy of an area where the formations are horizontal, like they were 
when they were deposited, but in some places, especially mountains, rock formations that were once horizontal 
are tipped, crunched, and folded. It is much more complicated to interpret the stratigraphy in these areas. 
Additionally, igneous rocks can cut across the horizontal layers of sedimentary rocks from past eras making 
interpretations very difficult. In addition, to make things even more interesting, folded rocks and mountains can 
then be worn down by erosion, and then new rocks can be deposited on top. For this course, we want you to 
understand that younger rocks are deposited on top of older rocks. 



When geologists and paleontologists talk about 
geologic formations, we use diagrams, like this 
stratigraphic column, to show the relationships 
between formations. This diagram shows the 
three formations visible in 'Dinosaur 
Provincial Park.' We put the old information at the 
bottom, and read the diagram from the bottom to 
the top, just like we would if we were looking at a 
cross section of the Earth. We also use 
special symbols to tell us what kinds of rocks each 
formation has. For example, the dots represent 
sandstone, and the dashes represent shale's. 


Now, let us add some dinosaurs to the mix. Not all of the species of dinosaurs found within 'Dinosaur 
Provincial Park' are from the same time period. Some dinosaurs are only found in one of the three formations, 
and some of the dinosaurs are only found in part of the 'Dinosaur Park Formation.' This is easy to see using the 
horned dinosaurs. No Ceratopsia skeletons have been found in the marine 'Bearpaw Formation,' although we do 
occasionally find dinosaur bones that must have washed out to sea in the Cretaceous. In the upper part of the 
'Dinosaur Park Formation/ we find the Ceratopsia Styracosaurus, which has a very spiky frill. In the lower part 
of the 'Dinosaur Park Formation' is Centrosaurus, which has forward-pointing hooks on the back of its frill, and 
in the 'Oldman Formation' is Coronosaurus, which has a cluster of small spikes on the back of the frill. 


Which of these Ceratopsia is the oldest? 

A) Styracosaurus C) Coronosaurus 

B) Centrosaurus 

Coronosaurus is found lower in the stratigraphic column then Centrosaurus or Styracosaurus. Therefore, it is 
the oldest Ceratopsia in this diagram. C is the correct answer. 

The duck-billed dinosaurs from 'Dinosaur Provincial Park' show the same sort of pattern as the Ceratopsia. 
Brachylophosaurus is known from the 'Oldman Formation', Gryposaurus is known from the lower part of the 
'Dinosaur Park Formation,' and Prosauro!ophus \s known from the upper part of that same formation. 
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'Dinosaur Provincial Park' is one of the very best areas where we can do this kind of fine scale analysis. We 
have so many specimens here that can be identified, and there are so many layers of volcanic ash from which 
we can get good radiometric data's. What they clearly show us is that, even within this relatively small package 
of rock, we do not find the same dinosaurs all the way through the formation. There are certain dinosaurs that 
are characteristic of certain levels. When you extend these studies beyond 'Dinosaur Park,' beyond Alberta, to 
all other parts of the world, we see the same kind of patterns of changes over time, and changes in different 
geographic areas. 

A lot of dinosaur's picture books and movies mix up dinosaurs from different places and different times. 

Which of these sets of dinosaurs do you think lived at the same place at the 
same time? 

A) Stegosaurus and Tyrannosaurus 

B) Triceratops and Pachycephaiosaurus 

C) Velociraptor and Argentinosaurus 
The answer is B, Triceratops, and Pachycephalosaurus. 

Velociraptor and Argentinosaurus lived on different continents at different times. Tyrannosaurus and 
Stegosaurus were separated by more time, almost 90,000,000 years, than Tyrannosaurus and humans, almost 
65,000,000 years. 


4 The Age Of Dinosaurs 

The Mesozoic Era began with the Triassic Period over 250,000,000 years ago. There were not many 
dinosaurs around at all during the early part of the Triassic. However, by the Late-Triassic many small 
bipedal dinosaurs were spreading out all over the planet. These species represented the earliest members of 
the Theropoda and Sauropoda as well as primitive Ornithischia dinosaurs. 


4.1 Diapsida 



\ Illustration 206 : Herrerasaurus skull 


Early dinosaurs are.-dften poorly preserved in the fossil record. Like at the 'Danek"Bone bed' they are 
typically preserved.--fri a| mud stone, Which tends to squish and distort the skeletons, very'similar to this 
Herrerasaurus skull I have here. Now justxto orient you I am going to point out a couple features. Here is the 
nose, the orbit, the upper'jaw and the lower jaw, but I have a better reconstruction to show you. 



Illustration 207 : Herrerasaurus skull (Reconstruction) 
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Here is the reconstructed skull of Herrerasaurus, and you can see that it is a Diapsida based on the 
skull openings. The relationship of early dinosaurs is often confusing; because we do not know to which 
dinosaur groups they are more closely related. The current theory is that Herrerasaurus is an early Theropoda. 

5 Plateosauridae 



Illustration 208 : P/ateosaurus skull (Plateosauridae) 

Another skull I have here of P/ateosaurus is something called a Plateosauridae, or just a very early 
long-necked dinosaur, and finally the relationship of another early dinosaur called Eoraptor is 
currently unresolved. 

5.1 Ichthyosauria 



Illustration 209 : Ichthyosauria skeleton 


During the Triassic, as dinosaurs were evolving to fill large-bodied ecological niches on land, the other 
amniote groups were evolving to fill the sea and the air. Here is a skeleton of an animal called an Ichthyosauria. 
The name Ichthyosauria literally means fish lizard, but Ichthyosauria are not lizards, and they certainly are not 
fish, and they are not dinosaurs either. Even so the name Ichthyosauria still seems fitting, because they are a 
group of reptiles that took on a fish-like life style, and evolved a very fishy body form. The ancestors of 
Ichthyosauria were complete terrestrial reptiles, but just like the ancestors of modern whales, dolphins, seals, 
and sea turtles, the group found success by making an evolutionary return to water. 



Illustration 210 : Ichthyosauria skeleton (underbelly) 


To adapt to an aquatic lifestyle, Ichthyosauria evolved paddle-like front and hind limbs as well as a fin tail. 
They also had a sharp leg dorsal fin. The long snouts of most Ichthyosauria resemble those of dolphins, and 
they are filled with conical teeth. Good equipment for piscivorous diet. Despite their many fish-like adaptations, 
ichthyosaurs never evolved gills, and needed to come to the surface in order to fill their lungs with air. 
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5.2 Plesiosauria 



Illustration 211 : Elasmosaurus (Reconstruction) 

Late in the Triassic Period Ichthyosauria were joined in the seas by another group of reptiles that also 
evolved an aquatic lifestyle; the Plesiosauria. Most Plesiosauria had large chests and torsos, broad 
paddle-shaped limbs, and relatively short tails. In front of their shoulders Plesiosauria varied tremendously. 
Some had short necks and huge jaws, and others, like the famous Elasmosaurus, had elongated 
serpentine necks with small heads. 

5.3 Pterosauria 



Illustration 212 : Pterosauria fossil 

Like the seaways of the 'Dinosaurs Age' the sky was a busy place. Insects had evolved flight at least as far 
back as the Carboniferous period. During the Triassic Period a group of animals branched off from the 
Archosauria family tree at roughly the same time that dinosaurs did. We call this group the pterosaurs. The 
pterosaurs were the first vertebrates able to fly. Unlike birds, which have wings made of feathers, and bats, 
which have wings made from skin stretch between fingers. Pterosauria have membranous wings that are 
supported by a single extremely elongated finger. 

5.3.1 Rhamphorhynchoidea 




Illustration 213 : Rhamphorhynchoidea (Reconstruction) 

Early Pterosauria belonged to a group called Rhamphorhynchoidea, which were common in the Late-Triassic 
and throughout the upcoming Jurassic Period. Rhamphorhynchoidea are small pterosaurs with the largest forms 
approaching the size of a modern raven or hawk. Long tails characterized the Rhamphorhynchoidea, and some 
Rhamphorhynchoidea tails terminated in flaps of skin called tail veins. The function of these tail veins is unclear, 
but it is hypothesized that they acted as in-flight rudders or stabilizers, and might have been used in courtship 
displays. 
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5.4 Stegosauria 


Illustration 214 : Stegosaurus stenops skeleton 

The Jurassic Period began about 200,000,000 years ago. Giant Sauropoda were the dominant herbivores on 
the planet, and they were represented by several diverse lineages including the long Diplodocidae and the 
tall Brachiosaurs, Stegosauria, like this specimen here, and small Anthropoids were also present. Characteristic 
Theropoda dinosaurs of this time include predators like Allosaurus, and the nose horn Ceratosaurus. The 
first bird Archaeopteryx evolved in the late Jurassic Period. 

What was happening in the sky during the Jurassic Period? 

First of all this was when the bird line of Theropoda evolved. It was also at this time that the 
Rhamphorhynchoidea pterosaurs from the Late-Triassic gave rise to a new pterosaur group, the 
Pterodactyloidea. 

5.5 Pterodactyloidea 

Pterodactyloidea differed from Rhamphorhynchoidea in the morphology of their tails, which were short. In 
addition, the carpals in their wrists were elongated, and made a greater contribution to the length of the wing. 
There were many species of small Pterodactyloidea, some smaller that a robin, but some species had 
wingspans of > 10 m, making them the largest animals ever to fly. 



Illustration 215 : Pteranodon longiceps 

Reconstructed skeleton in a quadrupedal posture 

This is the skull and skeleton of the Pterodactyloidea Pterosauria Pteranodon. It shows off the most striking 
difference between Rhamphorhynchoidea and many Pterodactyloidea; bony head crests. Although 
several species of Rhamphorhynchoidea did have small crests made of soft tissues, large bony head crests were 
common among Pterodactyloidea. 
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After the Jurassic Period came the last period of the Mesozoic Era, the Cretaceous, which began about 
145,000,000 years ago. In the Early Cretaceous Stegosauria became rarer as their ecological niche was 
replaced by the armored Ankylosauria. The giant Sauropoda began their decline, and were not seen across the 
same ranges that they had in Jurassic times. The thumb spiked Iguanodons were more common. 
Spinosauridae Theropoda became more abundant as did the giant Carcharodontosaurus, which rivaled the later 
Tyrannosauroidea in size. Primitive birds with better flying abilities than Archaeopteryx became more abundant. 
These included species like Confuciusornis and Sapeornis. 

5.6 Prosaurolophus 



Illustration 216 : Prosaurolophus maximus skeleton 


By the Late Cretaceous, the Iguanodons had been replaced by the duck-billed Hadrosauridae like this 
Prosaurolophus here. Ceratopsia and Pachycephalosaurus appear for the first time, and some Ankylosauria have 
evolved tail clubs. The Coelurosauria Theropoda, including the Oviraptorosauria, Ornithomimidae, 
Therizinosauria, Allosauroidea, and Tyrannosauroidea became more abundant in the Northern Hemisphere, 
while in the Southern Hemisphere the Abelisauridae Theropoda were the dominant predators. The 
dominant herbivores in the Southern Hemisphere are a single lineage of the once diverse Sauropoda, the 
round-bodied Titanosauria. Birds continued to evolve into a variety of lineages that are now extinct, including 
the Enantiornithes, or opposite birds, and Hesperornis, which were loon-like diving birds with teeth. 
Some species of birds, such as shore birds, that are still alive today also evolved during the Late Cretaceous. 



Illustration 217 : C/idastes skeleton 


It was during the Cretaceous Period that a third major reptilian group began patrolling Mesozoic waters 
joining the Ichthyosauria and Plesiosauria. Mosasauroidea, like this C/idastes, were reptilian relatives of modern 
monitor lizards and snakes. Like Ichthyosauria and Plesiosauria, Mosasauroidea had tail fins and limbs modified 
into paddles, but the bodies and tails of Mosasauroidea were more elongated. Most Ichthyosauria, Plesiosauria, 
and Mosasauroidea are the right size to have preyed on small and medium-size fish, but some, like the giant 
Pliosauroidea Plesiosaurus were true sea monsters with huge jaws and bodies > 18 m long. These 
aquatic giants seem adapted for deep sea, big game hunting, and they likely ate large fish and other 
marine reptiles. 

Let us take a minute to review a few things we know about the distant aquatic and avian cousins of the 
dinosaurs. Pterosauria and the various groups of Mesozoic marine reptiles are often mistaken for dinosaurs. 
Ichthyosauria, Plesiosauria, and Mosasauroidea are all more closely related to modern reptiles, like lizards and 
snakes. Pterosauria were close relatives of dinosaurs, but fall outside the group. Here is one characteristic that 
distinguishes them. 
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Looking at this lower jaw of a Tyrannosaurus you can see a large opening called the mandibular fenestra. 



Now, look at the jar of the Pterosauria Anhanguera, and you can see that as in all Pterosauria the 
mandibular fenestra has been lost. 

Here are a number of dinosaurs. Select the dinosaur that would have been alive 
at the end of the Cretaceous Period. 

Multiple answers may be correct, so check all that apply. 


A) 

Stegosaurus 

D) 

Pachycepha/osaurus 

B) 

Tyrannosaurus 

E) 

Giraffatitan 

C) 

Triceratops 




Stegosaurus, Giraffatitan, and their relatives were long gone by the End Cretaceous. Tyrannosaurus, 
Triceratops, and Pachycepha/osaurus, however, were all alive at the end of the Mesozoic Era; therefore, 
answers B, C, and D are correct. 

From when dinosaurs first appeared until the time they went extinct non-avian dinosaurs were around for 
almost 180,000,000 years. Any one particular species of dinosaur only lasted a few million years before it 
disappears from the fossil record. Each of these species would have gone either extinct or evolved into 
other species. Determining of two species of dinosaurs lived at the exact same time is tricky business, but as 
new fossils are discovered our understanding of dinosaur species and their place within the great expanse of 
time know as the Mesozoic Era becomes more complete. 

6 Learning Objectives 

6.1 Describe The Geological Principle Of Superposition 

As has been previously discussed, sedimentary rocks form from small organic or inorganic particles (called 
sediments) that accumulate and are cemented or compacted together. As sediments are deposited, they 
gradually build up on top of each other in layers. Over time, deep sequences of layered sedimentary rocks 
result. In such a sequence, the oldest rocks (which are formed from the oldest deposited sediments) are at the 
bottom, and the layers become increasingly younger towards the top. The tendency for rock layers to be 
chronologically stacked is called the Principle of Superposition. 
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Illustration 218 . Stratigraphy diagram 

It shows the complex stratigraphy that can happen when rocks are folded, broken, and eroded. A are ancient folded sedimentary layers 
that have been folded and broken (faulted). B is a large igneous intrusion that partially melted A. These rocks were then uplifted and 
eroded, creating a flat surface called an unconformity. New sedimentary layers were deposited on top of the old rocks. D is a new 
igneous intrusion that cut through A, B, and C, and then E is yet another horizontal layer of sedimentary rocks deposited over top of A-D. 

The Principle of Superposition is only an expression of how things normally work, and there can be 
exceptions. Igneous rocks that form from volcanic activity may vertically cut through horizontally arranged 
layers of rocks, and mountain building events may tilt, fold, and even flip rock layers. 

6.2 Arrange Geological Formations In Order By Interpreting A 
Simple Geological Cross-Section 



Illustration 219 : Alternating light and dark sedimentary layers at 'Dinosaur Provincial Park' 

Stratigraphy is the science of using the arrangement and composition of rock layers to interpret 
geological history. A large uninterrupted sequence of rock that is made of multiple layers that all share 
similar properties (such as mineral composition and average sediment grain size) and that all formed under 
similar conditions is termed a formation. When a sequence of rock changes from one formation to another, it 
indicates that a large scale change occurred in the environment where the rocks were being deposited. 

The 'Principle of Superposition' allows a stratigrapher to infer the relative age of rock layers (that is, how old 
one layer is relative to another), but it does not determine the absolute age (that is, how old in years the layers 
are). To age rocks in absolute terms, a technique called radiometric dating is used. All matter (including rocks) 
is composed of chemical elements, which are atoms composed of a particular number of protons and electrons 
(positive and negative charged particles). Some chemical elements are also composed of neutrons 
(neutrally charged particles), and some of these chemical elements may exist as isotopes. An isotope is a 
variant of a chemical element that has an unusual number of neutrons. Some isotopes are unstable and will 
undergo radioactive decay, whereby energy is released and a new atom (or atoms) with a different composition 
of particles results. These resulting atoms with different particle compositions are called the decay products. At 
what time a single isotopic atom will undergo radioactive decay is unpredictable, but a large collection of 
isotopes will radioactively decay at a mathematically predictable rate. 

When a new rock forms, it has a ratio of isotopes and decay products that matches that of the environment. 
As the rock ages, the isotopes decay and the ratio of isotopes to decay products decreases. Using a special 
machine called a mass spectrometer, it is possible to measure the isotope ratio of a rock, and this ratio can tell 
you how long ago the rock formed. 

Unfortunately, sedimentary rocks are never really 'new' - that is, they are made of sediments that had 
already formed and that were already potentially undergoing radioactive decay. Thus, sedimentary rock cannot 
usually be radiometrically dated. On the other hand, igneous rocks are formed anew and can usually be 
radiometrically dated. 

However, if fossils are usually found in sedimentary rocks and not in 
igneous rocks, how can we ever tell how old a fossil and its rock layer is? 
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By combining radiometric dating and the 'Principle of Superposition.' If sedimentary rocks that contain fossils 
are found between two horizontally deposited layers of igneous rocks, then dating the igneous rocks above the 
sedimentary layer will tell us what age the fossils must be older than, and dating the igneous rocks below the 
sedimentary layer will tell us what age the fossils must be younger than. Therefore, we can confidently bracket 
the age of the fossils. 

In some instances, it is even easier to date fossils, because we can be certain that particular particles of 
igneous rocks that compose the sedimentary rocks that the fossils are buried in were incorporated into the 
sediment at nearly the same time that they were formed. For instance, fossils may be buried by, or be buried 
near, deposits of volcanic ash. Volcanic ash forms at the moment of an eruption, and the time between when 
an eruption occurs and when its ash falls to the surface is inconsequently short. Volcanic ash deposits are a key 
tool in fossil dating. 

6.3 Describe Important Events In The Geological History Of Earth 

Stratigraphy and radiometric dating are combined to piece together the history of the Earth and to create 
the geologic time scale. The geologic time scale is a standardized series of chronological divisions that parses 
the Earth's history into discrete named units. The largest units in the time scale are eons, followed by eras, 
periods, and epochs. You can download it from the 'International Commission on Stratigraphy.' 

Geologic time scale 

Here is a brief overview of the geologic time scale, and of some of the important events that occurred during 
its different divisions. 

6.3.1 The Hadean Eon -4.6-4 Billion Years Ago 

The Hadean Eon is named for Hades (the Greek god of the underworld), and by the beginning of this Eon, 
the rest of the universe was already over 9 billion years old. The formation and early years of the Earth were a 
tumultuous time, with the surface of the Earth partially molten and with volcanic activity widespread. At roughly 
4.5 billion years ago, the young Earth collided with a smaller planetoid. This collision ejected a large mass of 
debris, which was held in orbit by the Earth's gravity, and eventually formed the Moon. By the end of the 
Hadean, the Earth had cooled, and large oceans covered much of its surface. Complex organic molecules are 
thought to have formed in these early oceans and possibly the earliest true life forms. The oldest rocks on Earth 
have been dated at only about 4.4 billion years old, though rocks discovered on the Moon are older. 

6.3.2 The Achaean Eon -4-2.5 Billion Years Ago 



Illustration 220 : Stromatolite 


The oldest known fossils come from the Achaean Eon. These fossils are of simple single-celled organisms. 
More advanced forms later evolved in the Achaean, including Cyanobacteria. The Cyanobacteria were 
photosynthetic and eventually produced large amounts of 0 2 , which became concentrated in the 
Earth's atmosphere. Some Cyanobacteria formed structures called stromatolites, which are some of the 
best records of early life. Stromatolites look like lumpy stones, but when you cut them in half, you can see the 
layers that were created as the Cyanobacteria secreted sticky films that trapped particles of sediment. 

6.3.3 The Proterozoic Eon - 2.5 Billion - 541 Million Years Ago 

At approximately 1.7 billion years ago, the first multicellular organisms evolved. Because single-celled and 
early multicellular life had no bones or other hard parts and was usually microscopic, the fossil record of this 
early life is poor. Within the Proterozoic, the time span from 630 - 542 million years ago is known as the 
Ediacaran period. During the Ediacaran, large forms of life with some harder parts evolved, including the first 
animal life. 
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6.3.4 The Phanerozoic Eon — 541 - 0 Million Years Ago 

The Phanerozoic Eon is subdivided into three eras, which are themselves subdivided into numerous periods. 
It is during the Phanerozoic that animal life rapidly evolved into a multitude of diverse forms, including 
dinosaurs. We will consider the events of the each Phanerozoic Era and period. 

6.3.4.1 The Paleozoic Era - 541 - 252 Million Years Ago 

At the start of the Paleozoic, animal life was restricted to primitive invertebrates living in the oceans, but, by 
its close, great forests covered the land and teamed with reptiles, amphibians, and insects. 

6.3.4.1.1 The Cambrian Period - 541 - 485 Million Years Ago 



Illustration 221: Pikaia Illustration 222 : Anomalocaris 

Earliest ancestors of the vertebrate animals Top predator in the Cambrian oceans 

The beginning of the Cambrian marks such a dramatic diversification of aquatic animal life that it is often 
referred to as 'The Cambrian Explosion.' Sponges, mollusks, worms, and many kinds of arthropods (including 
trilobites) evolved. A close early relative of the vertebrates, called Pikaia, did not have vertebrae, but had 
several other features found in vertebrates. 


6.3.4.1.2 The Ordovician Period - 485 - 443 Million Years Ago 

Global sea levels were high. Life in the oceans continued to diversify, with fish increasingly becoming the 
dominant large aquatic animals. 

6.3.4.1.3 The Silurian Period - 443 - 419 Million Years Ago 



Illustration 223 : Osteostracaci 


Group of early jawless vertebrates 

Until this point, fish had not yet evolved jaws. With the evolution of jaws came the evolution of large 
predatory fish. Primitive plant life began to flourish on land. 

6.3.4.1.4 The Devonian Period -419 - 359 Million Years Ago 



Illustration 224 : Skull of Dunk/eosteus 

The first forests appeared on land. Huge jawed fishes, like Dunk/eosteus, evolved in the seas, and the first 
true sharks appeared. Lobe-finned Panderichthyidae, like Tiktaaiik, ventured onto land, and give rise to the 
Tetrapoda. 
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6.3.4.1.5 The Carboniferous Period - 359 - 299 Million Years Ago 

Amphibians were widespread in the abundant swamps, and reptiles, the first amniotes, evolved. Much of the 
coal that is mined today formed from the rotting plants of Carboniferous swamps. 

6.3.4.1.6 The Permian Period - 299 - 252 Million Years Ago 

The continents collided together and formed a single super continent called Pangaea. Reptiles evolved into 
three main lineages: the Anapsida (which would go on to evolve into turtles), the Synapsida (which go on to 
evolve into mammals), and the Diapsida (which would go on to evolve into lizards, snakes, crocodilians, and 
dinosaurs). Many of the terrestrial rocks from this period of time represent dry, desert environments. The single 
greatest mass extinction in our planet's history occurred at end of the Permian, with one of the most notable 
losses being the Trilobites. 

6.3.4.2 The Mesozoic Era - 252 - 66 Million Years Ago 

The Mesozoic is often referred to as the 'Age of Dinosaurs.' It is during this time that dinosaurs evolved and 
became the dominant form of large terrestrial animal life. Many kinds of marine reptiles evolved, including the 
Ichthyosauria, Plesiosauria, and Mosasauroidea. The first true turtles, crocodilians, lizards, snakes, mammals, 
and birds evolved at this time as well. The first flowering plants evolved towards the end of the Mesozoic. The 
Mesozoic Era has been, and will continue to be, examined and discussed throughout this course. We will go into 
more detail on the Mesozoic Era in the next section! 

6.3.4.3 The Cenozoic Era — 66 - 0 Million Years Ago 

The Cenozoic is often referred to as the 'Age of Mammals.' Although mammals had been around since the 
Triassic, the extinction of the dinosaurs (except for birds) allowed mammals to evolve larger forms, and to fill 
many new ecological roles. Grasses only become abundant at this time! 

6.3.4.3.1 The Paleogene Period -66-23 Million Years Ago 

Global temperatures began to cool. Mammals diversified into a variety of new forms, including primates, 
bats, and whales. Birds also diversified. 

6.3.4.3.2 The Neogene Period -23-2.6 Million Years Ago 

Global temperatures continued to cool. The first hominids evolved in Africa. 

6.3.4.3.3 The Quaternary Period -2.6-0 Million Years Ago 

The Earth experienced several large glaciation events, or 'Ice Ages.' The first anatomically modern humans 
evolved. Human civilization spread. 

6.4 Classify Types Of Dinosaurs Based On The Geological Age In 
Which They Were Most Common 

Many dinosaur books and movies depict dinosaur species from vastly different periods existing at the same 
time and place. This can be a big mistake! The non-avian dinosaurs existed for 135,000,000 years. There is 
less time separating the first humans from the last dinosaurs than there is separating the last dinosaurs from 
the first dinosaurs, and not all clades of dinosaurs were present throughout the entire Mesozoic. 

6.4.1 The Triassic Period - 252 - 201 Million Years Ago 



Illustration 225 : The Triassic of New Mexico 


The small, early Theropoda Coe/ophys/s chases an early mammal, while the Synapsida Placerias looks on 
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During the first 10,000,000 years of the Triassic, life gradually recovered from the mass extinction that 
occurred at the end of the Permian. The first mammals and dinosaurs evolved during the later portion of the 
Triassic, and so did the first pterosaurs - the first vertebrates to fly. The supercontinent Pangaea began to 
break apart. Many of the dinosaurs from this period of time look fairly similar to each other. The first 
representatives of the Ornithischia (like Pisanosaurns), Theropoda (like Eoraptor and Herrerasaurus ), and 
Sauropodomorpha (like Panphagia) were all mostly small and bipedal. 'Plateosauridae' like P/ateosaurus were 
some of the first large herbivorous dinosaurs. We will discuss life on land in the Triassic in more detail in a later 
lesson. 

As dinosaurs were evolving to fill large-bodied ecological roles on land, other amniote groups were evolving 
to fill them in the sea and air. It was in the Triassic that the first Ichthyosauria evolved. The name 
'Ichthyosauria' literally means 'fish lizard/ but Ichthyosauria are not lizards, and they certainly are not fish. Even 
so, the name 'Ichthyosauria' still seems fitting, because they are a group of reptiles that took on a fish-like 
lifestyle and evolved a very fishy body form. 

The ancestors of Ichthyosauria were fully terrestrial reptiles, but, just like the ancestors of modern whales, 
dolphins, seals, and sea turtles, the group found success by making an evolutionary return to the water. To 
adapt to an aquatic life, Ichthyosauria evolved paddle-like front and hind limbs, a finned tail, and even a 
shark-like dorsal fin. The long snouts of most Ichthyosauria resemble those of dolphins, and are filled with 
conical teeth - good equipment for a piscivorous diet. Despite their many fishlike adaptations, Ichthyosauria 
never evolved gills and needed to come to the surface in order to breathe air. 



Illustration 226 : Elasmosaurus 

Plesiosauria, although it lived during the Cretaceous Period 

Late into the Triassic, Ichthyosauria were joined in the seas by another group of reptiles that also evolved a 
secondarily aquatic lifestyle: the Plesiosauria. Most Plesiosauria had large chests and torsos, broad 
paddle-shaped limbs, and relatively short tails. In front of their shoulders, Plesiosauria varied tremendously. 
Some had short necks and huge jaws; other had elongated serpentine necks with small heads. 

The airways of the 'Dinosaur Age' were also busy places. Insects had already evolved flight at least as far 
back as the Carboniferous, and dinosaurs would take to the air and give rise to birds in the Jurassic. In addition, 
there was a third group fluttering over the heads of dinosaurs: the pterosaurs. Plesiosauria, or as they are 
commonly called, 'Pterodactyls,' are close relatives of dinosaurs who branched off from the reptilian family tree 
at roughly the same time in the Triassic that dinosaurs did. Pterosauria were the first vertebrates to fly. 

Unlike birds, which have arms that support wings made of feathers, and bats, which have wings made from 
skin stretched between multiple fingers, Pterosauria have membranous wings supported by a single 
extremely elongated finger. 

Early Pterosauria belong to a group called Rhamphorhynchoidea, which were common in the Late-Triassic 
and throughout the Jurassic. 

6.4.2 The Jurassic Period - 201 - 145Million Years Ago 



Illustration 227 : The 'Morrison Formation' of the Western USA 

Sauropoda dominate the landscape, like the slender-necked Diplodocus (to the right), tall Brachiosaurus (center), and stubby-faced 
Camarasaurus (to the left) 
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Dinosaurs diversified. This was the peak of Sauropoda diversity, and they were the dominant 
terrestrial herbivores. Small and medium sized Ornithopoda were common. Noncoelurosauria Theropoda, like 
Allosaurus, were the dominant terrestrial carnivores. The Stegosauria are almost completely restricted to the 
Jurassic, and the first Ankylosauria, Ornithopoda, and Ceratopsia appear at this time, although they are not 
particularly abundant or diverse. The first birds, including Archaeopteryx, evolved during the Jurassic. The 
'Morrison Formation' of the Western USA and the 'Solnhofen Limestone' of Germany are some of the best and 
most famous records of dinosaurs from this time. 



Illustration 228 : Pteranodon 


Example of a Cretaceous Pterodactyloidea Pterosauria 

In the Jurassic, Rhamphorhynchoidea Pterosauria gave rise to a new Pterosauria group: the 
Pterodactyloidea. Pterodactyloidea differed from Rhamphorhynchoidea in the morphology of their tails, which 
were short, and the carpel's in their wrists, which were elongated and made a greater contribution to the length 
of the wing. Unlike Rhamphorhynchoidea, many Pterodactyloidea had large head crests, which were 
presumably display structures. There were many species of small Pterodactyloidea, some smaller than a robin, 
but some species had wingspans of over 10 m, making them the largest animals to ever fly. 

6.4.3 The Early Cretaceous Period - 146 -100 Million Years Ago 



Illustration 229 : A Wealden Scene 

The Theropoda Neovenator attacks a pair of Iguanodon, while the small Heterodontosauridae Echinodon flees; the early Ankylosauria 
Poiacanthus is well-protected by its armor. 

Dinosaurs continue to diversify, and the first flowering plants evolved. In the Early Cretaceous new 
Theropoda, like Spinosauridae and Carcharodontosauridae evolve, Coelurosauria Theropoda become more 
diverse, and Iguanodontia become larger and more abundant. The 'Yixian Formation' of China, the 
'Wealden Supergroup' of England, and the 'Cedar Mountain Formation' of Utah are important Early Cretaceous 
fossil-rich rock units. 



Illustration 230 : Coelurosauria Theropoda 

They show a wide variety of feathery integuments. A pair of the Sinosauropteryx (to the right; these are Compsognathidae Theropoda) 
chase a small mammal, a pair of Caudipteryx (center; these are Oviraptorosauria Theropoda) display their tail-feathers, and a pair of 
Microraptor (to the left; these are Dromaeosauridae Theropoda) glide using their four wings. 
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Sometime in the Cretaceous Period, a third major reptilian group began patrolling the Mesozoic waters. 
Mosasauroidea were relatives of modern monitor lizards and snakes. Like Ichthyosauria and Plesiosauria, 
Mosasauroidea had tail fins and limbs modified into paddles, but the bodies and tails of Mosasauroidea were 
more elongate. Many Mosasauroidea are the right size to have preyed on small and medium sized fish, but 
some were true sea monsters with huge jaws and bodies > 18 m long. These aquatic giants seem adapted for 
deep-sea big-game hunting, and they likely ate large fish and other marine reptiles. 

6.4.4 The Late Cretaceous Period — 100-65Million Years Ago 



Illustration 231 : The 'Horseshoe Canyon Formation' of Alberta 


The Tyrannosauroidea Theropoda A/bertosaurus chase the Ceratopsia Arrhinoceratops, to the right the Ankylosauria Anodontosaurus battles 
another A/bertosaurus 

Often considered the apex of non-avian dinosaur diversity, many of the most famous dinosaurs come from 
this period of time. The Coelurosauria Theropoda are abundant and diverse in the Northern Hemisphere, and 
include the Tyrannosauroidea, Ornithomimidae, Therizinosauria, Oviraptorosauria, Dromaeosauridae, 
Troodontidae, and many more clades that are interesting. The Ankylosauria have diverged into two groups, the 
tail-clubbed Ankylosauria, and the club less Nodosauridae. Ceratopsia and Hadrosauridae are the dominant 
large herbivores in the Northern Hemisphere. Only a single lineage of Sauropoda remains, but the 
Titanosauria Sauropoda are the dominant herbivores in the Southern Hemisphere. Pachycephalosauria are only 
known from the Late Cretaceous. The first flowering plants evolved. At the end of the Cretaceous, a 
large meteor collided with the Earth, and this event along with its catastrophic consequences is thought to have 
brought about a mass extinction, which killed all non-avian dinosaurs. We will go into more detail about the 
End-Cretaceous extinction in a later lesson. 
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Palaeoaeoaraphv And Plate Tectonics 

1 Palaeogeography 

You are an explorer from a different time, and you encounter a hot, lush, green, and blue planet, with a 
single giant ocean and a single giant continent. 

It sounds very much like science fiction, does it not? 



Illustration 232 : Earth; 240,000,000 years ago 


However, if you had visited Earth hundreds of millions of years ago, this is roughly the scene that you would 
have seen. 



Illustration 233 : Earth; 500,000 years ago 


If we break up this giant continent, and shift some of the pieces around, we can soon come up with an 
arrangement that is much more familiar to us. Take a look at the coastlines of Africa and South America. Now, 
just by looking at them, you will likely notice a similarity in the coastlines of the two. This similarity was first 
noticed by a Dutch mapmaker named Abraham Ortelius in 1596. Of course, it was only shortly before this that 
European exploration had mapped enough of the continental coastlines to be able to draw them with any 
accuracy, therefore, that someone could see the coastlines to put them together. Regardless, it was not until 
1912 that someone came up with a full, thought-out theory of why it might look like this. 

1.1 Alfred Wegner 

Alfred Wegener was a man of many talents: meteorologist, geophysicist, and polar explorer. While looking 
through a book of fossil occurrences, he read how many identical species were found on opposite sides of the 
Atlantic Ocean in both eastern South America as well as Western Africa. Many of these animals were 
land dwellers, unable to cross major oceans. Alfred Wegener was not actually the first to notice that fossils in 
Brazil and Africa shared a surprising number of similarities. 

What was the prevailing theory at the time to explain these occurrences? 

A) Land bridges were submerged just below sea level 

B) An expanding Earth creating oceans between lands 

C) Animals cross over ancient ice bridges 

The main theory to explain the distribution of fossils at the time was that there were giant submerged 
land bridges spanning thousands of kilometers, just below sea level. Therefore, A is the correct answer. 

Wegener, thinking of the fit of the continents, took a slightly different approach. 

Instead of animals moving across land bridges, what if it was the continents 
themselves that moved? 
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1.2 Plate Tectonic 

Although Wegener had both fossil evidence in the form of the same animals found on distant lands, as well 
as the observation that continental coastlines seem to fit together into a single hole, he nonetheless lacked any 
proper mechanism for why the continents should move. As such, it was some time until his ideas were accepted 
by the general scientific community, let alone the public at large. It was not until deep-sea exploration during 
the 1950 s and 1960 s that scientists began to build up a larger body of evidence, and the first theories of 
plate tectonics emerged. In particular, the observation of mid-oceanic ridges led to a number of new discoveries 
and ideas, such as how new oceanic crust came to be produced at the volcanically active rifts where two plates 
move away from one another, and the incredibly deep trenches where one plate is sub ducted beneath another. 

With a building body of evidence, eventually geologists came around to the idea that indeed the Earth does 
move. With advanced GPS-satellite tracking techniques, we can today follow the movement of the 
different plates, and observe how fast they are moving relative to one another. These speeds are usually 
relatively slow, with movement approximately mm / year . However, major events can sometimes lead to truly 
big shifts. For example, during the Japanese earthquake of 2010, the recording station in Japan recorded a 
jump of almost 3 m in just a few minutes. 

Think of some famous structures built in North America about a century ago. The 'Statue of Liberty' is a little 
over 100 years old, while the 'Empire State Building' is just under 100 years old. Now, both of these structures 
have been standing in New York for a long time. 

They have not moved, or have they? 

Because the North American continent has been moving relative to the center of the Earth, these structures 
have actually been moving as well. Relative to the center of the Earth, take a guess as to how far these 
structures have moved over the last century. 

A) A few millimeters C) A few meters 

B) A few centimeters D) Or a few kilometers 

The answer is about 3 m, or roughly 10 ft. Therefore, C is the correct answer. 

Although continental plates move very slowly every year, about as fast as your fingernails grow, over 
millions of years the distances covered become quite substantial. 

1.3 Earth Layers 



Illustration 234 : Earth layers 


What we can see on the Earth is but a very thin layer. The Earth can be compared to an avocado composed 
of several different layers. In our everyday lives, we only usually see the most superficial part of it. However, 
what if I told you that right now you were standing directly above boiling hot molten rock. Well, it is true. In 
fact, no matter where you stand on Earth, you are standing above molten rock. That is because, although the 
outermost layer of the Earth is made of hard rock, the consistency and composition changes as you move 
deeper and deeper. This outermost layer, called the crust, is 5-25 km thick, depending on the spot at you 
measure it. Although 25 km is a considerable difference. The crust is really just that, an extremely thin layer 
that surrounds the Earth. 

Directly below the surface of the Earth, or the crust, lies another layer called the mantle. The mantle is a 
somewhat mobile layer, that is able to flow, albeit very slowly. 

Going deeper still, we have the outer and inner cores. Both of these are made up primarily of Fe and Ni, 
while the outer core is a liquid, and the inner core is a solid ball. The temperature of the inner core is 
somewhere around 5,700° C, around the temperature of the Suns surface. 
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When it comes to the movement of the continents, most of what we need to know happens in the 
outer most layers of the Earth. We have already said how the outer most solid layer is called the crust, and how 
the continents and ocean basins we see on the surface are all part of this crust. The crust, along with the 
uppermost part of the mantle, is often called the lithosphere. Below this lithosphere is what is called the 
asthenosphere. The asthenosphere is only part of the mantle, but it is relatively fluid and can flow, although it 
flows more like 'Playdoh' than water. 

Which layers of the Earth are solid? 

Check all the answers that you believe are correct. 

A) Crust C) Outer core 

B) Mantle D) Inner core 

The crust and inner core are both solid, while the mantle and outer core are fluid. Therefore, the correct 
answers are A and D. 

2 Continental Movement 

It is the interaction between the lithosphere and the asthenosphere that makes all of these interesting things 
happen. Volcanoes, earthquakes and, over a much longer time scale, moving continents. The tremendous heat 
at the center of the Earth, compared to the less deep layers, can set up convection currents in the 
asthenosphere. As hotter materials rise, cooler ones sink, and currents, though incredibly slow moving ones, 
begin to form. The currents in the asthenosphere pull along the base of the lithosphere, moving the continents 
above. As well, the solid cool crust is denser than the hot layers underneath, and, therefore, the solid plates are 
sinking at the edges, pulling the plates along as they go. 

Which of these cities do you think experience regular, strong earthquakes? 

Check all the answers you think are correct. 

A) San Francisco C) Chicago 

B) Santiago D) Moscow 

Places like San Francisco and Santiago experience regular and sometimes very powerful earthquakes. These 
places are near where two plates meet. On the other hand, Chicago and Moscow are relatively distant from the 
edges of continental plates. While Chicago and Moscow can still experience earthquakes, they are nowhere near 
as devastating as those in more active earthquake areas. 

The reason the lithosphere moves is that it is a series of individual pieces, or plates that can move 
independently of one another. These plates often correspond roughly to continents and ocean bases. Flowever, 
just because these plates can move independently, does not mean they do not interact. If you look at where 
the edges of these plates fall, you might also notice that these are the same areas where things like 
earthquakes and volcanoes are concentrated. Earthquakes and volcanoes are often the result of two 
different plates interacting, colliding, sliding away, or slipping past one another. One way to visualize how the 
plates are arranged, and move past one another, is to compare them to an orange peel. 

At this point, please watch 'Dinosaur Paleobiology_002.MP4' 

Video 2 : Demonstration of plate tectonic 

Let us take another look at our 'New York City' structures example. 

If we know that the 'Statue of Liberty' and the 'Empire State Building' have 
moved about 3 m in 100 years, how far would they move in a million years? 

Remember, these distances are measured relative to the center of the Earth, not surrounding features on 
the surface of the Earth. 

A) 300 m C) 3,000 km 

B) 30 km 

B is the correct answer. Over the course of a million years, these structures would move about 30 km. 

At this point, please watch 'Dinosaur Paleobiology_001.MP4' 

Video 3 : Continental drift 

Today on the Eastern Coast of Canada and the US, stretching from Nova Scotia to New Jersey, is a large 
rock formation that was created by a huge volcanic eruption about 200,000,000 years ago. These same kinds of 
rocks can also be found in Africa. 
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What region of Africa do you think would contain these same rocks? 

A) NW C) NE 

B) SW D) SE 

The answer is on the northwestern coast of Africa. These rocks date from a time when New Jersey and 
Morocco were next-door neighbors, and you could have walked between North America and Africa quite easily. 

However, let us bring this back to the main topic of the course, dinosaurs. 

2.1 What Did Moving Continents Have To Do With dinosaurs? 

Actually, a lot. 

The first dinosaurs appeared during the Triassic, while the continents were still joined into a single 
super-continent. Because there were no major sea barriers, dinosaurs had the ability to spread across the land, 
and indeed, they did. However, this also meant that there was a general mixing of dinosaur faunas, with 
similar types of dinosaurs being found all across the world. This similarity continued into the Jurassic. For 
example, most people have heard of the dinosaurs Brachiosaurus, Allosaurus, and Dipbdocus, all from 
North America. Very close relatives of all of these dinosaurs can be found in rocks of Tanzania, Africa. 

However, if you remember, an important event was going on at this time. The northern and southern parts 
of Pangaea were beginning to split apart, creating a seaway between them. Eventually, as we get into the 
Early Cretaceous, we can start to see the effects of this split on the types of dinosaurs we find in these 
different areas. Certain groups, such as Tyrannosauroidea, Pachycephalosauria, and Ceratopsia become more 
and more common in the Northern Hemisphere's super continent, called Laurasia, while other groups like 
Sauropoda, Abelisauridae, and Carcharodontosauridae become more common in the Southern Hemisphere's 
super continent of Gondwana. 

Finally, in the Late Cretaceous, the continued break up of both Laurasia and Gondwana led to a similar, 
further break-up of the different dinosaur groups. Because each of the major continents become 
relatively separate from one another, the groups of dinosaurs on each of these separate continents became 
more and more different from one another. It is likely that the fragmentation of the continents may have lead 
to an increase in the number of dinosaur species. 

3 Paleodimates 



Illustration 235 : Cryolophosaurus skull 


The positions of the continents were not only very different in the Mesozoic, but the climate was 
very different than it is today too. Overall, the temperatures were much higher, and we even find dinosaurs in 
the Polar Regions. This is one of the best-known dinosaurs from Antarctica. This is the head of a dinosaur called 
Cryolophosaurus, which means frozen crested lizard. Now, the front of the skull is missing, but the skull is still 
attached to the neck. Therefore, we can see the back of the skull where it attaches to the neck. We can also 
see the eyes and the backs of the lower jaw. What is unusual about Cryolophosaurus is that it has a crest, and 
this crest in front of the eyes has a very unusual appearance, because it is very tall. 
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Illustration 236 : Cryolophosaurus skull (front view) 


In addition, when you look at it from the front it rather looks like a snow shovel that is turned upside down 
on top of its head. No other dinosaur has a crest like that. This is unique for this dinosaur from Antarctica. 

3.1 Antarctica's Climate 

One might wonder how dinosaurs like this could survive in Antarctica even though it was millions of years 
ago. However, at that time of course, there were no glaciers, there was probably not even any snow, because 
on average it was 15° C warmer than it is today. We do find lots of evidence to support the warmer 
temperatures, including fossil plants. Interestingly enough, the first fossil plants were found by Scott on his 
expedition to the South Pole nearly a century ago. He recovered about 20 kg of fossil plants, then went to the 
South Pole and worked his way almost back to the base camp, when unfortunately the expedition perished 
from lack of food and the cold. The rescue team that went to recover Scott's frozen remains found the fossils 
and brought them back. 

Why would the climate of Antarctica have been so much warmer during the 
distant past? 

There may be more than one right answer, so check all that you think are correct. 

A) It was closer to the equator C) Altered ocean circulation 

B) Higher sea level 

The climate in Antarctica was warmer for a number of reasons, including very different ocean currents, 
which transported warm water from the equator down to the polar region. Antarctica has actually been close to 
its current position for hundreds of millions of years. Though a higher sea level may have increased 
temperatures a bit, it is mainly ocean circulation patterns that contributed to Antarctica's ancient warm climate. 
Therefore, C is the correct answer. 

Part of the reason for this greatly increased temperature was the position of the continents. For example, 
today a strong current encircles much of Antarctica. In addition, this current tends to keep Antarctica 
relatively cold. However, 70,000,000 years ago, when Antarctica was still attached to Australia, this current had 
to go up and around Australia. As the current moves through more equatorial areas, it would have become 
warmer, and then, as it moved back down, carried this heat around and back to Antarctica. 

Ocean currents are extremely important to distributing and moving heat from one part of the Earth to 
another. Today, the Gulf Stream, a current composed of warm water that flows from the 'Gulf of Mexico' up 
towards Europe, accomplishes just this task. Water is warmed in the 'Gulf of Mexico' and flows towards the 
western coast of Europe, making many European countries much warmer than places on the other side of the 
Atlantic at similar latitudes. One of the other reasons that the climate was much warmer had to do with sea 
level. 

3.2 Late Cretaceous Marine Fossils 

In rocks from the Late Cretaceous, we see large numbers of fossils from sea animals, like Ammonites and 
marine reptiles, across the interior plains of North America. 

Why do you think these fossils are preserved here? 


A) 

Deposited by 

C) Transported by 


Cretaceous hurricanes 

shifting continents 

B) 

Deposited in large seaways 
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The sea level was much higher during the Mesozoic Era. Areas that are dry land today were covered by vast, 
shallow seas back then. Although shift in continents have thrust some marine fossils into the mountains, and 
we have possible evidence of massive, ancient hurricanes. The marine fossils we find throughout central 
North America today died in the seas they lived in. Therefore, B is the correct answer. 

During the Cretaceous, sea level was much higher than today. Mainly due to three reasons: no glaciers, 
thermal expansion, and increased mid-oceanic volcanism. 

1. Because there were no ice caps at this time, this increased sea level considerably. If all the 
ice caps melted today, sea level would rise by about 70 - 80 m. 

2. Water will expand as it becomes heated. This is referred to as thermal expansion, and you can see 
a similar thing when you boil water in a kettle and the water overflows. As the water is getting 
warmer, sea level rises. 

3. Sea floor spreading associated with plate tectonics can cause the ocean basins themselves to 
become shallower. Because the surface of the Earth and the amount of water on it is fixed, if those 
basins fill up with rock and sediment, the water flows over the edges of the basin, and floods the 
land. 

3.3 Sea Levels And Land Area 

If sea levels rose, how would that affect the amount of land on Earth? 

A) Land area increase B) Land area decrease 

Land area decreases as sea level rises. Today, low-lying countries, like the Seychelles, could be entirely 
flooded if sea level rises by just a few meters. Therefore, B is the correct answer. 

Although places like the Seychelles are in danger of going underwater if sea level rises even just a 
few meters, we know that sea levels have changed much more dramatically through geologic history. During 
the Mesozoic, sea levels were up to 250 m higher than they are today. The most pronounced effect of this was 
the flooding of vast regions of the Earth, limiting the amount of exposed land, and splitting areas that are now 
connected into isolated islands. 



Illustration 237 : Cretaceous North America 


For example, if we look back to our maps that we had of the Late Cretaceous, you can see that much of the 
interior of North America was flooded by a massive inland seaway. This vast seaway formed a 
continuous waterway that ran from the Arctic Ocean to the 'Gulf of Mexico.' 

3.4 Water Body Effect On Climate 

What kind of effects do nearby lakes and oceans have on the land? 

More than one answer may be correct so check all that apply. 

A) Increased precipitation C) Increased seasonality 

B) Decreased temperature 

A is the correct answer. In general, lakes and oceans make nearby lands wetter. They do not necessarily 
make temperatures cooler, but rather smooth out the extremes in temperatures, therefore, that the 
summer highs and winter lows are closer together - decreasing the seasonality. 
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These shallow seas would have helped us smooth out temperature fluctuations throughout the year. Think 
about coastal cities compared to those lying more inland. Coastal cities typically have less extreme 
temperatures than those farther from water, because the water acts as a heat sync. During hot days, the water 
warms more slowly than land, keeping the nearby areas somewhat cooler. During winter, the water retains 
more heat for longer, keeping temperatures on nearby coasts higher. 

Along with this, these flooded areas mean that there are more shallow water areas. Shallow water tends to 
lead to more evaporation, leading to more water vapor in the air. Water vapor is actually a more powerful 
greenhouse gas than C0 2 , raising temperatures even more. 

3.5 Impact On Biodiversity 

How would higher, more stable temperatures, and a higher sea level impact 
dinosaur biodiversity? 

A) Increased the number of dinosaur species 

B) Decreased the number of dinosaur species 

Higher temperatures and sea levels meaning fewer land connections, and more areas that are isolated could 
have increased species diversity. These conditions would have increased the number of different types of 
dinosaurs. Therefore, A is the correct answer. 

However, the very different climate and higher sea level likely contributed to the amazing success of the 
dinosaurs. In general, higher temperatures seem to cause species diversity. That is, the total number of species 
in an area to increase as well. Because the higher sea level isolated terrestrial dinosaur populations from one 
another, these populations could have diverged from one another, again increasing species diversity. Although 
dinosaurs were undoubtedly successful, and still are, it was a combination of many factors, including both 
climate and geography, and not just their own biological adaptations, which led to their amazing diversity. 

4 Dinosaur Diversity 

In the context of drifting continents, rising and falling seas, and changing climates, different 
dinosaur populations found themselves isolated, and facing different environmental challenges. These 
challenges pushed dinosaurs to evolve a wide array of adaptations over 160,000,000 years of time. In this 
section, we are going to trace that history across an ever changing, global landscape. 

If you could travel backwards in time to the Mesozoic Era, what dinosaurs 
would you most likely see? 

The answer depends on when you were looking, and where in the world you were. Right now, I am in 
Alberta, Canada. If I remained in place, and were able to travel back in the time to the very end of the 
Mesozoic Era, I would see a different set of dinosaurs than someone doing the same in Africa, Australia, or 
South America. On the other hand, someone in Europe or Asia would see similar dinosaurs to some of those I 
was looking at, although the specific genera and species would be different. 



Illustration 238 : Camarasaurus skeleton 


Now let us say I traveled back to a point before the dinosaurs were so globally diverse, to the late 
Jurassic Period, 156,000,000 years ago. Dinosaurs in Alberta were rare at this time, but are common just south 
of the Canadian border in the United States. Here is one of the most common dinosaurs from the Jurassic 
fossil beds of Wyoming and Colorado, Camarasaurus. The Jurassic was the golden age of long-necked 
dinosaurs. Moreover, browsing high in the Jurassic trees, Camarasaurus would have been joined by many 
other species of Sauropoda. 
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You will recall that the Late-Jurassic was the heyday of Theropoda. Among the thriving Jurassic long necks 
were Diplodocidae. Most Diplodocidae probably used their long necks to reach high into the trees where they 
used their simple front teeth to nip off the tenderest leaves. Some paleontologists suspect that Diplodocidae 
were able to extend their treetop reach even further by rearing backwards, and standing on their hind legs 
while bracing themselves with their tails. 

4.1 Niche Partitioning 

Diplodocidae shared their Jurassic world with another group of Sauropoda called the Macronaria. Jurassic 
Macronaria Sauropoda include animals like the Camarasaurus. Macronaria bodies are generally more robust 
than Diplodocidae, some had long front legs, and most had the long necks characteristic of Sauropoda, 
therefore, they too filled the ecological niche of high browsers. A niche is an animal's way of life. Think of it like 
the animal's job in the ecosystem. Its how a particular species makes its living. With so many kinds of 
Sauropoda living side by side in the late Jurassic Period, it might seem like the niche of high browser would 
have been filled many times over. Sauropoda should have faced excessive competition for food resources, but 
that was not the case. 



Illustration 239 : Camarasaurus skull 


Take a close look at the skull of this Camarasaurus, and compare it to Diplodocidae. You can see that the 
snout of Camarasaurus is much shorter, and that its teeth are not limited to the front. In fact, they line the 
entire jaw. 
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Illustration 240 : Comparison between Diplodocus tooth and Camarasaurus tooth 


Now, look at the individual teeth. They are not simple pegs. They are broad, robust, and look like the heads 
of spoons. Diplodocidae have the mouth of a selective nipper, but Camarasaurus has the mouth of a 
powerful muncher. Diplodocidae were adapted to reach high and prune off tender leaves, while Macronaria 
were less picky eaters. They could crunch much harder woody vegetation. Essentially, they could eat what the 
Diplodocidae left behind, thus these two rather similar animals avoided direct competition for food resources. 

This is an example of a common ecological phenomenon called niche partitioning. If two species try to 
occupy the exact same niche, they will compete with one another. Although one species may out-compete the 
other, both species will suffer from the competition, thus competing species will always have an 
evolutionary pressure to diverge adaptively from each other, and to become specialized to fill different 
unoccupied niches. A healthy ecosystem contains a diversity of species filling numerous ecological niches. 

4.2 Jurassic Feeding Niche 

In the Jurassic Period, which of the following dinosaurs had a feeding niche 
most similar to that of modern elk and deer? 


A) Giraffatitan 

B) Pachycephalosaurus 


C) Stegosaurus 

D) Triceratops 
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Modern deer and elk are herbivores adapted to feed by both grazing on low plants and browsing on 
medium height plans. They have relatively narrow snouts, and can selectively consume a quality plant material 
over quantity. Giraffatitan had a very different herbivorous niche and was a high browser. Triceratops and 
Pachycephalosaurus may have both niches similar to those of deer and elk, but you will remember from an 
earlier lesson that both of these dinosaurs are from the Cretaceous Period. Stegosaurus may not look like much 
of a deer or elk, but it is thought that Stegosauria were selective feeders capable of both low grazing and 
medium browsing, and this dinosaur lived during the Jurassic Period. Therefore, C is the correct answer. 



A variety of smaller Jurassic herbivores were grazing and browsing in the shadow of the Sauropoda. Among 
them were the Thyreophora. That is a group that includes Ornithischia with body armor, like this Stegosaurus. 
Stegosauria were a widespread group of Thyreophora in the Jurassic Period, and their fossils have been found 
in Africa, Asia, Europe, and North American. Another group of common Jurassic Ornithischia were the 
Ornithopoda. Small Ornithopoda had long legs and appear to made up, for their diminutive size, with speed. A 
few late Jurassic Ornithopoda obtained greater size like Camptosaurus, an early Iguanodon. The niche of 
big predator was filled by an array of carnivorous dinosaurs. There were giant Megalosauridae and 
Ceratosauridae. Both are ancient lineages of Theropoda, but the Late-Jurassic was a time of predatory change. 
A new group of big carnivorous dinosaurs had evolved, and they were mounting an ecological takeover. 



Illustration 242 : Allosaurus (Reconstruction) 


This is Allosaurus, and it belongs to the Theropoda group known as the Allosauridae. The Allosauridae were 
different from the big predators that had come before them. For one, their vertebrae's were more rigidly 
attached to each other; therefore, their spines were stiffer. Their legs were also proportionately longer, 
suggesting that they were faster than either Megalosauridae. We have found more Allosaurus skeletons than 
any other big Theropoda dinosaur. Therefore, it was clearly among the most successful of the Late-Jurassic 
predators. 



Illustration 243 : Ornitholestes skeleton 


Of course, not all the Jurassic carnivores were big. This is a skeleton of the turkey-sized Theropoda 
Ornitholestes. Like Allosaurus, Ornitholestes had a more rigid spine and long legs, but it belongs to another 
Theropoda group, it is a Coelurosauria. Coelurosauria are characterized by a long series of sacral vertebrae, 
narrow hands, and tails with hack halves that are skinny, stiff, and lightweight. 
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The Late-Jurassic must have been a terrifying time for Coelurosauria. They were predators, but at this size, 
they could have only hunted small mammals, lizard-like reptiles, insects, and, in at least a few 
piscivorous species, small fish. They could have easily been crushed underfoot by Sauropoda, Thyreophora, or 
big Ornithopoda, and they were certainly an occasional snack for Allosauridae and other Theropoda. They were 
also food for various non-dinosaur predators like Jurassic crocodiles, but in the Jurassic, it was the 
Coelurosauria that spawned the dinosaurs' greatest success, birds. In the Cretaceous, some Coelurosauria 
would even evolve their way to the very top of the food chain. 

Now let us flash forward in time to the Late Cretaceous period: after nearly 50,000,000 years of evolution 
and plate tectonics, a great deal has changed. The super continents Gondwana and Laurasia have split from 
one another, and some dinosaur groups have thrived and multiplied, while others have declined and become 
extinct. 


On Gondwana, in the Southern Hemisphere, one feature of the Jurassic has remained constant: the 
Sauropoda still rule supreme as the dominant large herbivores. However, these are not the same Sauropoda 
that we met in the Jurassic. There are no Camarasauridae or Brachiosauridae. Instead, a new type of 
Macronaria evolved, the Titanosauria. Titanosauria were the most robust of all Sauropoda. Their chests were 
broad, and their hips were wide. Their hind limbs were spaced very far apart, giving them a stable base. Many 
Titanosauria had osteoderms, and some even had spiky armor. 



Illustration 244 : Argentinosaurus (Reconstruction) 


Titanosauria ranged in size, but among their ranks were animals like Argentinosaurus, a Sauropoda that, as 
we learned earlier, is estimated to have weighed over 100 t. It was the largest creature that ever walked the 
Earth. With armor and sheer size to protect them, Titanosauria were no easy prey, but one group of 
Late Cretaceous Theropoda may have been specialized giant slayers, the Carcharodontosauridae. 



Illustration 245 : Carcharodontosaurus (Tooth collection) 


This group is named for the shape of their teeth, which resemble those of Carcharodon, the great 
white shark. Carcharodontosauridae are a type of Allosauridae. Therefore, they are descendents of those 
big Theropoda that first rose to prominence in the late Jurassic Period. 
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However, Carcharodontosauridae differed from older Allosauridae in a number of ways. Most noticeably, 
Carcharodontosauridae have bigger heads with longer jaws. Some paleontologists speculate that to attack 
Titanosauria, Carcharodontosauridae used their mouths for more than simple biting. With strong muscles 
connecting their heads to their necks, these sharked-toothed dinosaurs may have opened their jaws 
wide agape, and swung their entire heads in a downward arc against the Sauropoda flank. Using this motion, 
the upper jaws would have acted like giant meat cleavers, slicing off huge chunks of flesh. 



Illustration 246 : Giganotosaurus (Lower jaw) 


As Late Cretaceous Titanosauria got bigger, so did Carcharodontosauridae. The largest of all was the 
South American Giganotosaurus, and I have the lower jaw of one of them here. At over 13 m in length, 
Giganotosaurus was larger than Tyrannosaurus rex. 



Illustration 247 : Carnotaurus skull 


There was room for more than one kind of big carnivore in the Late Cretaceous of South America. This is a 
skull of Carnotaurus. Carnotaurus is an Abelisauridae. An Abelisauridae grew to over 10 m long, and were the 
last survivors of the Coelurosauria lineage. In the Cretaceous Period, this group was strictly limited to 
Gondwana, but they thrived there, as Abelisauridae fossils have been found throughout the 
Southern Hemisphere. 

Living alongside Carcharodontosaurus must have been tough. The need for ecological niche partitioning 
drove Abelisauridae to adapt a strikingly different morphology. While Carcharodontosauridae have long jaws 
with big teeth, Abelisauridae have short muzzles and proportionately tiny teeth. While Carcharodontosauridae 
tended to have powerful forearms with large hooked claws, Abelisauridae had ridiculously short stubby arms 
with small claws. While Carcharodontosauridae liked to prey on huge Titanosauria, Abelisauridae hunted the 
smaller species of Titanosauria and other less daunting herbivores. 

Carnotaurus shows off another trait common to most Abelisauridae: a rugose or wrinkly bone texture on the 
skull. They also had large cranial ornamentations. The rugosity suggests that the faces of Abelisauridae were 
covered with tough keratinous pads. The cranial ornamentations, which took the form of bony horns and 
large lumps, were probably sexual display structures. It has also been suggested, in the case of Carnotaurus, 
that the horns might have been used in head-to-head shoving competitions between males over mating rights 
and territory. 

4.3 Gondwana & Laurasia Dinosaurs 

Now that we have covered the most prominent dinosaur groups in Gondwana, we can take a 
comparative look at Laurasian dinosaurs. 

At the end of the Cretaceous Period, which of these dinosaur groups could be 
found in both Gondwana and Laurasia? 
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More than one answer might be correct, so mark all that you think apply. 

A) Titanosauria C) Stegosauria 

B) Abelisauridae D) Carcharodontosauridae 

The correct answer is A, Titanosauria. So far, no fossils from Cretaceous Abelisauridae have been found in 
Laurasia fossil beds, and the group seems to have been limited to Gondwana. Stegosauria are known 
Gondwana and Laurasia, but Stegosauria became extinct on both landmasses not long after the Cretaceous 
began. Carcharodontosauridae are known from the Late Cretaceous of North America, but by the end of the 
Cretaceous, they were gone and appear to have been out-competed by another group of big Theropoda. 


Although Titanosauria were more abundant and diverse in Gondwana, they were also present throughout 
the Late Cretaceous in Laurasia. In addition, what is now Asia Titanosauria were important, but comparatively 
rare components of the ecosystem. In North America, Titanosauria were much fewer in number and variety. 
This relative under-abundance of Sauropoda in the north is one of the biggest differences between the 
Late Cretaceous fauna of Laurasia and Gondwana. This means that herbivorous ecological niches were filled by 
other kinds of Laurasian plant eaters, and we will meet them next. 



Illustration 248 : Ankylosauridae skeleton 


Although Stegosauria never made it to the Late Cretaceous Period, another group of Thyreophora did, the 
Ankylosauria. In Laurasia, Ankylosauria split into two major groups. The Ankylosauridae are the Ankylosauria 
with the famous tail clubs. Ankylosauridae have large backward-pointing horns at the rear of the skull and a 
short rounded snout in the front. 



Illustration 249 : Edmontonia skull 



Illustration 250 : Edmontonia (Reconstruction) 


Here is a skull from the second major group of Ankylosauria. This is the Nodosauridae Edmontonia. 
Nodosauridae lack tail clubs, but some, including Edmontonia, had offensive weapons at the front end in the 
form of large osteoderm spikes that projected outwards from over their shoulders. You can see that 
Nodosauridae did not generally have the big skull horns of Ankylosauridae, and that their snouts were 
significantly narrower and more elongate. 

As you can guess, Ankylosauria fossils include plenty of osteoderms. For many years, paleontologists were 
not sure how useful Ankylosauria osteoderms were for identifying different species. Osteoderms, therefore, 
were considered to be of little taxonomic value. Recent work by 'University of Alberta' paleontologists has 
shown that this is not true, and that osteoderms can be diagnostic bones. This has changed the assessments of 
Ankylosauria species' diversity, and has made it clear that throughout Cretaceous Laurasia, the 
armored dinosaurs were a bigger part of the ecosystem than previously realized. 

Thinking back to Camptosaurus, you remember that the Iguanodontidae Ornithopoda had originated in the 
Jurassic Period. During early Cretaceous, Iguanodontidae thrived and became common across the globe. In 
Laurasia, a new kind of Iguanodontidae evolved, the Hadrosauridae. Hadrosauridae flourished in the 
Late Cretaceous, and became quickly the Northern Hemisphere's most successful herbivorous dinosaurs. We 
have more fossils of Hadrosauridae and know more about Hadrosauridae biology than any other major 
dinosaur group. 
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Illustration 251 : Dental battery of a Hadrosauridae 


The success of the duck-billed dinosaurs was thanks in large part to their sophisticated dental batteries, 
which let them chew through Mesozoic plants like never before. Hadrosauridae were most abundant in 
Laurasia, but the group did manage to spread to Gondwana. Hadrosauridae fossils have even been found as 
far south as Antarctica. 

4.4 Lambeosaurinae Hadrosauridae 



Illustration 252 : Corythosaurus skull 


Among advanced Hadrosauridae, there are two major groups. This is Corythosaurus. It belongs to the 
Lambeosaurinae Hadrosauridae. Lambeosaurinae are the hollow crest Hadrosauridae. The big crest you can see 
on its head can be thought of as a kind of horn. Not a horn like the face of a rhinoceros or Triceratops, rather a 
horn as in a musical instrument. 



Inside the crest is a complex and hollow nasal passageway. Blowing air through this passage, and then out 
the nostrils would have amplified the dinosaur's calls. The hollow crests of Lambeosaurinae came in a variety of 
sizes and shapes. This not only gave each species a unique appearance but a unique sound. Studies of 
Hadrosauridae ears indicate that the group had excellent hearing. Like the unique calls and songs of 
modern birds, the species sounds that Hadrosauridae generated with their cranial instruments could have been 
used to court mates, establish territories, or communicate a variety of messages to members of their own kind. 
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4.5 Hadrosaurinae Hadrosauridae (Saurolophinae) 

The second major group of Hadrosauridae is called the Hadrosaurinae, or some times the Saurolophinae. 
Hadrosaurinae are classically referred to as the crestless Hadrosauridae, or because some Hadrosaurinae skulls 
do have small projections and ridges sometimes as the little-crested Hadrosauridae. However, a 
recent discovery by 'University of Alberta' researchers has proven that neither of those names is appropriate. 
Although Hadrosaurinae do not have the complex sound-amplifying crests of the Lambeosaurinae, some 
Hadrosaurinae still had large crests; they just were not made of bone. 



This is a piece-'bf an extraordinary Edmontosaurus mummy found near the city of'Grand Prairie, Alberta.' 
Edmontosaurus/ is a Hadrosaurinae Hadrosauridae, which was presumed for years to have been 
completely costless. You will recall from the previous lessons that a dinosaur mummy is a specimen that 
includes fossilized skin that is still lingered to its end life position. Here you can see a large section of skin from 
the Edmontosaurus curved neck. These wrinkles preserve the natural folds that the skin had when it was 
fossilized. These large oval shapes are a 3D-pattern in the skin, similar to the hide of an Indian rhinoceros. If 
you look closely, you can see the tile pattern of the individual scales that cover the skin. 



Now, here is the really exciting part. These are the-bones from the right side of the Edmontosaurus face. 
The snout and big duck-bill would be sticking out this way. 



This is the top of the Edmontosaurud head. Look at this big lump sitting on the scalp. Here, you can see the 
same pattern of small scales. This lump is actually a fleshy crest, similar to the comb of a modern rooster. 
Because the crest has no bone component, and it was made of only soft tissues, the hundreds of 
Edmontosaurus skeletons that have been found never gave us any clues to the crest's existence. This one 
specimen has literally changed the face of Edmontosaurus, and has challenged what we thought we knew 
about the so-called crestless Hadrosaurinae. 
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Illustration 253 : Stegoceras skull 


Running a close second to Hadrocsauridae, in terms of region diversity and success was another group of 
herbivorous dinosaurs, the Marginocephalia. That name literally means fringe heads, and refers to an 
over hanging lip of bone at the backjmargin of the skull. Here is the skull of a Pachycephalosaurus Stegoceras. 
You can see the skull fringe here. Pachycephalosauria are one of the two major groups within the 
Marginocephalia. 



Illustration 254 : Psittacosaurus (Reconstruction) 

The other group is these Ceratopsia. The first Ceratopsia were very different from the later and 
famous forms like Triceratops. Primitive Ceratopsia like Psittacosaurus were small and bipedal dinosaurs, but 
they still had a few family resemblances. Like all Ceratopsia, they had large beaks and small cheek horns 
projecting from the side of the face. Psittacosaurus and other primitive Ceratopsia are abundant in Asia. 
However, the larger advanced Ceratopsidae like Triceratops are only known from North America. This kind of 
diversity within Laurasia was possible during the Late Cretaceous period, because at this time the continent was 
beginning to break apart. 


4.7 Coe/osaurus 



Illustration 255 : Ornithomimidae skeleton 

The Coe/osaurus came a long way from the small and humble forms we met in the Jurassic Period. By the 
Late Cretaceous, Coe/osaurus had blossomed into the most diverse of all Theropoda groups. These are 
Ornithomimidae, a kind of Coe/osaurus that evolves a body plan similar to that of a modern ostrich, but with 
long clawed fore limbs and a large tail. Like ostriches, Ornithomimidae had beaks, long legs for fast sprinting, 
and were probably mostly herbivores. 
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4.8 Maniraptora 

Another group of Coelosaurus developed a highly specialized wrist bone called a semilunate carpel. These 
crescent shaped bones allowed the hands to be folded backwards at a sharp angle. The dinosaurs that 
possessed them are called Maniraptora. Birds are one group of Maniraptora, and the semilunate carpals of birds 
allowed them to fold their wings delicately when not flying. As close relatives of birds, the sickle-clawed 
Dromaeosauridae are also Maniraptora and here is another. 



Illustration 256 : Oviraptor (Reconstruction) 

This is an Oviraptor. Like Ornithomimidae, Oviraptorosauria were a group of Theropoda that adapted to a 
mostly vegetarian diet, and lost their teeth in favor of large beaks. Many Oviraptorosauria had cranial crests and 
fans of feathers at the ends of their tails. 

4.9 Therizinosauria 



Illustration 257 : Therizinosaurus claw 

This is a cast of a fossil claw that was once responsible for considerable confusion. When it was first found, 
paleontologists had no particular reason to think that it belonged to a dinosaur. It certainly did not look like the 
claw of any dinosaur that had ever been found before. Instead, it was mistaken for the claw of a giant turtle. In 
actuality, it is the claw of a Therizinosaurus. In this section of the course, we have encountered many 
strange looking dinosaurs, but the Therizinosauria may well be the strangest. 



Illustration 258 : Therizinosaurus (Reconstruction) 

Like a Sauropodomorpha, a Therizinosauria has a small skull on the end of a long neck, and hind feet with 
four forward pointing toes. Like an Ornithischia, a Therizinosauria has a backwards directed pubis, jaws with 
small herbivorous teeth in the back, and a beak in the front. They also have short tails and long arms with 
three fingers, each wielding one of these huge claws. As it turns out, Therizinosauria are not Sauropodomorpha 
or Ornithischia. They are close relatives of Oviraptorosauria, and our Maniraptora Theropoda with the 
semilunate carpals to prove it. 

4.9.1 Therizinosauria Diet 

Here is a tricky question that will put your anatomical reasoning to the test. 
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Which of the following do paleontologists consider to have been a common part 
of a Therizinosauria diet? 

More than one answer might be correct, so mark all that apply. 


A) 

Plants 

D) 

Seaweed 

B) 

Fish 

E) 

No one can be sure 

C) 

Insects 




This is a controversial topic. No one is really sure what Therizinosauria ate, and different paleontologists 
have different hypotheses. If you asked Scott Persons, he would say that the short beaks, teeth, and backwards 
pubic bones of Therizinosauria indicate a mostly herbivorous diet, and those wicked claws were needed for 
defense. If you asked Dr. Curry, he would speculate that the long arms and claws of Therizinosauria were 
adaptations for spearing fish. Some other paleontologists think of Therizinosauria as giant anteaters that 
specialized in an insectivorous diet, and use their claws for tearing into termite mounds and anthills. However, 
we can all agree that Therizinosauria were not specialized seaweed eaters. This notion is not as bizarre as it 
sounds. It is actually the first speculation on Therizinosauria diet that was ever put forward, back when they 
were thought to be giant aquatic turtles. In any event, E is the correct answer. 

4.10 Tyrannosauroidea 

No consideration of the Late Cretaceous fauna of Laurasia would be complete without discussing one 
final group of Coelurosauria. They were close relatives of the Ornithomimidae, were likely among the 
most social of all Mesozoic Theropoda. They have been estimated to have the strongest jaws in the 
animal kingdom, and are the most famous of all dinosaurs, the Tyrannosauroidea. 



Illustration 259 : Tyrannosaurus skeleton 


For much of the Cretaceous, the Allosauridae had filled the niche of the top predator throughout Laurasia, 
just as they did in Gondwana. As Coelurosauria, the Tyrannosauroidea did not inherit their position as 
alpha predators from their ancestral lineage. Rather, they ousted the Allosauridae, just as the Allosauridae had 
ousted the large Megalosauridae and Ceratosauridae back in the Jurassic Period. To some extent, 
Tyrannosauroidea achieve their success by taking to a further extreme, the same adaptations that had once set 
the Allosauridae apart from their competitors. That is, they evolved longer legs, and a much stiffer 
vertebral column. However, Tyrannosauroidea also evolved the thick, bone crushing teeth we discussed earlier 
in this course. Tyrannosauroidea also evolved massive skulls with tremendous jaw muscles. 

The earliest Tyrannosauroidea, like the Asian species Daitong and Guanlong, or the European species 
Eotyrannus, have normal head and body proportions; they look similar to most other small Coelurosauria. 
However, as Tyrannosauroidea evolved, they grew in absolute size, and in the relative size of their heads. 
Those big heads added weight to the front half of their bodies. To compensate, Tyrannosauroidea 
reduced weight by shrinking the size of their arms and hands, culminating in the last and largest of all 
Tyrannosauroidea, Tyrannosaurus rex. 

Which of the following Coelurosauria are known only from Laurasia? 

More than one answer might be correct, so mark all the answers that you think apply. 

A) Tyrannosauroidea C) Therizinosauria 

B) Ornithomimidae D) Oviraptorosauria 
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For now, Tyrannosauroidea, Ornithomimidae, Therizinosauria, and Oviraptorosauria are all known uniquely 
from Laurasia. Therefore, all four answers are correct. Although, close relatives of Ornithomimidae have been 
found in Africa. This may change as the fossil record improves. After all, even if a species evolved in isolation 
on one continent, it did not have to stay there. 

It should be remembered that the movement of the continents does not always lead to geographic isolation 
and evolutionary diversification. Sometimes, continents drift together, not apart. When that happens, species 
from one land mass can spread to the other. This can lead to very similar flora and fauna appearing in 
both locations. For instance, during the Late Cretaceous, there is good evidence of a direct land connection 
between northwestern North America and East Asia. Dinosaur species, discovered here in Alberta, have 
very close cousins in the Late Cretaceous beds of Mongolia's Gobi desert. When plate tectonics bring 
landmasses together, and animals move between them, we call this phenomenon a faunal interchange. That 
brings this lesson's trip through the evolutionary history of dinosaurs to a close. However, we are still missing 
two parts of the story: the beginning and the end. 

In the next lesson, we will take a look at how dinosaur evolution got started in the first place. 

5 Learning Objectives 

5.1 Summarize The Evidence For Plate Tectonics 

Today, the Earth has several continents: North America and South America, Europe and Asia, Africa, 
Australia, and Antarctica. In addition to these continents are large islands like Greenland, New Zealand, 
Madagascar, and the Southeast Asian islands. However, if you were to travel back in time to the Permian Period 
and observe the Earth from a distance, you would immediately notice a huge difference. Instead of 
multiple continents, only a single, enormous continent was present on Earth at that time. This was a 
supercontinent called Pangaea. 

How do we know that there was only one continent at that time? In addition, how did the 
continents change positions through time? 

In 1912, a German researcher named Alfred Wegener drew the scientific community's attention to several 
curious facts. Wegener had noticed that the Eastern Coastline of South America and the western coastline of 
Africa looked like two connectable puzzle pieces, that the fossils of many ancient animals (which, as far as 
anyone could tell, were not animals that would have been capable of swimming across the Atlantic Ocean) 
could be found in both South America and Africa, and that several geologic formations in South America had 
seemingly identical twins in Africa. Wegener suggested that Africa, South America, and, possibly, 
other continents had once been connected and had since drifted apart. Wegener's reasoning was sound and his 
evidence was tantalizing, but his theory of continental drift had a huge hole in it: Wegener could not offer a 
convincing mechanism for how land masses as big and as seemingly immobile as continents could move. Many 
years later, Wegener's idea of moving continents was vindicated, and an explanation for how such a 
massive phenomenon occurs was discovered. 



Illustration 260 : Stylized Diagram of the layers of the Earth 

Note that the Layers are not to Scale! 

Below its surface, the Earth is not a uniform mass of rock. The outermost layer of the Earth consists of the 
continents and ocean basins; it is called the crust. The thickness of the crust varies but is usually 5 - 2 km 
deep. By comparison to the other layers of the Earth, the crust is thin. Below the crust is a layer called the 
mantle. The mantle is a layer over 2,500 km deep. The uppermost portion of the mantle is solid. Along with 
the crust, this upper solid portion of the mantle is called the lithosphere. 
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The lithosphere is not one unbroken layer, but is actually composed of many discrete pieces, or plates, that 
fit together. Below the lithosphere is a portion of the mantle called the asthenosphere. While the lithosphere 
is rigid, the asthenosphere is viscous, slowly flowing, and its shape may be deformed under the uneven weight 
of the lithosphere. Although it flows, the mantle is not a liquid, but a viscous solid that flows. The intense heat 
and pressure at great depths causes the solid mantle to behave like a fluid - similar to Plasticine or Playdoh that 
is a solid at rest, but that squishes when you squeeze it. Below the mantle is the core. The core is primarily 
composed of iron and nickel and is subdivided into the outer core and the inner core. The outer core is 
molten liquid, while the inner core is a solid ball. The temperature of the inner core is estimated to be roughly 
5,700 °C (the same as the surface temperature of the sun). 

The extreme heat of the inner layers of the Earth creates convection currents in the viscous asthenosphere. 
Lower portions of the asthenosphere slowly heat, expand, rise upwards, and then slowly cool and sink. Plates, 
or pieces of the lithosphere, are affected by these currents. The currents pull along the undersurfaces of the 
lithospheres various pieces, causing them to move slowly. Additionally, the cool crust is more solid and dense 
than the layers below it. This causes lithosphere plates to sink slowly and to melt into the lower layers. This 
sinking does not happen all at once, but occurs gradually along one of the edges of a plate. As one edge sinks, 
a small gap is created along the opposite edge, and, through this gap, molten rock is free to escape. This rock 
then cools, solidifies, and adds its own mass to the edge of the plate. This cycle continues and, ever so slowly, 
the newly erupted rock will, eventually, progress to the sinking edge, and be melted once more. The movement 
of the lithosphere is called plate tectonics, and it provides the explanation for the drifting continents that 
Alfred Wegner theorized. 

Plate tectonics has now been verified in a variety of ways. The discovery of mid-ocean ridges revealed 
plate edges where new crust was being formed. Studies of mid-ocean ridges show that the crustal rocks on 
either side of the ridges have indeed been slowly drifting apart. Advanced global positioning satellites 
tracking systems can detect the ongoing movements of the continents and even record their speeds. As plates 
move, they sometimes come into conflict and collide. The boundary where two plates collide can be a place 
where tremendous pressure builds. Such plate boundaries are often sites of sudden pressure releases, in the 
form of volcanoes and earthquakes, and/or of gradual pressure releases, which can slowly build 
mountain ranges. 

5.2 Identify Paleogeographic Features And Classify Types Of 

Dinosaurs Based On The Geographic Area Where They Were 
Most Common 



Illustration 261 : The Late-Permian 


All of the Continents have collided to form the Supercontinent Pangaea. Plateosauridae are found worldwide! 

Due to the actions of plate tectonics, Earth during the 'Age of dinosaurs' was different from what it is today. 
By the end of the Permian Period and the beginning of the Triassic Period, all the world's continents had 
collided together and formed the single supercontinent Pangaea. This meant that all the world's oceans were 
also one. We call this single super-ocean Panthalassa. Because Pangaea was a single unbroken land mass, 
the first dinosaurs that appeared during the Triassic were able to spread across the entire planet, with no major 
sea barriers standing in their way. For this reason, during the Late-Triassic and Early-Jurassic, dinosaurs all 
across the world are fairly similar. Plateosauridae and small Theropoda similar to Coelophysis are found 
worldwide. 
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Illustration 262 : Massospondylus, a typical Plateosauridae 

This similarity continued into the Jurassic. For example, the 'classic' dinosaurs' from the Jurassic 
'Morrison Formation' of the Western USA have very similar counterparts in the Tendaguru Formation of 
Tanzania and the Lourinha Formation of Portugal. 

The first true Sauropoda appeared very late in the Triassic, alongside their Plateosauridae relatives. During 
the Early-Jurassic, while all the continents were still connected, Sauropoda rose to new heights, surpassing 
Plateosauridae in both abundance and body-size. Among the thriving Jurassic long-necks were the 
Diplodocidae. Even compared with other Sauropoda, most Diplodocidae have extremely long necks. They are 
also characterized by front legs that are much shorter than their hind legs, and by their unusual faces. The skull 
of a Diplodocidae is elongated and resembles the general shape of a horses or a deer's. Diplodocidae teeth are 
simple, peg-like, and are positioned only at the front of the mouth, not on the sides. They are nipping teeth — 
good for cropping off leaves and other tender growth. 

Diplodocidae shared their Jurassic world with another group of Sauropoda called the Macronaria. 
Macronaria do not have the whip-tails of Diplodocidae. Their bodies are generally more robust, and their 
front legs are usually not noticeably shorter than their back legs. In fact, in Macronaria, like Brachiosaurus and 
Giraffatitan, the front legs were much longer than the back legs. Most Macronaria still have the long necks 
characteristic of Sauropoda, and they too filled the ecological niche of high browsers. 

A niche is an animal's way of life. Think of it like the animal's job in the ecosystem - it is how a 
particular species makes its living, what it must do to survive. With so many kinds of Sauropoda living 
side-by-side in the Late-Jurassic, it might seem like the niche of high browser would have been filled many 
times over and that Sauropoda would have faced excessive competition for their food resources. Flowever, that 
was not the case. 



Illustration 263 : Camarasaurus (Royal Tyrell Museum) 

Consider the Macronaria Camarasaurus and the Diplodocidae Diplodocus (the namesake of the group). The 
bones of both these Sauropoda have been found side by side in many fossil quarries from the 
Morrison Formation, in the American West. In comparison, the snout of Camarasaurus is much shorter, and its 
teeth are not limited to the front. In fact, the teeth of Camarasaurus line the entire jaw, and the individual teeth 
are not simple pegs. They are broad, robust, and look like the heads of spoons. While Diplodocus has the 
mouth of a selective nipper, Camarasaurus has the mouth of a powerful muncher. 

Diplodocidae were adapted to reach high and prune off the most delectable Jurassic foliage, while 
Macronaria were less picky eaters. They could crunch much harder, even woody vegetation, and they could eat 
what the Diplodocidae left behind. Thus, these two rather similar animals avoided direct competition for food 
resources. This is an example of a common ecological phenomenon called niche partitioning. 
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Grazing and browsing in the shadows of Sauropoda were a variety of smaller Jurassic herbivores. Among 
them were the Thyreophora, a group that includes the Ornithischia with body armor. By far the most 
well-know of the Jurassic Thyreophora was Stegosaurus. Stegosauria were a widespread group of Thyreophora 
in the Jurassic, and their fossils have been found in Africa, Asia, Europe, and North America. 

Another group of common Jurassic Ornithischia were the Ornithopoda . Small Ornithopoda had long legs and 
appear to have made up for their diminutive size with speed, earning themselves the nickname 
'Jurassic Gazelle.' A few Late-Jurassic Ornithopoda obtained greater size, like Camptosaurus - an 
early Iguanodontia. 



Illustration 264 : Allosaurus 

The Jurassic niche of big predator was filled by an array of carnivorous dinosaurs. There were giant 
Megalosauridae and Ceratosauridae, both ancient lineages of Theropoda. However, the Late-Jurassic was a 
time of predatory change. A new group of big carnivorous dinosaurs had evolved, and they were mounting an 
ecological takeover. The Allosauridae were different from the big predators that had come before them. 
Allosauridae have vertebrae that interlock more rigidly, therefore, their spines were held stiffen Their legs are 
also proportionately longer, suggesting that they were faster than either Megalosauridae or Ceratosauridae. The 
Allosauridae Allosaurus is known from more fossil skeletons than any other big Theropoda dinosaur, and it was 
clearly among the most successful of the Late-Jurassic's predators. 



Illustration 265 : Compsognathus 

Not all the Jurassic carnivores were big. The chicken-sized Theropoda Compsognathus is among the smallest 
of all known dinosaurs. Like Allosaurus, Compsognathus has a more rigid spine and long legs, but it belongs to 
another Theropoda group. It is a Coelurosauria. Coelurosauria are characterized by a long series of 
sacral vertebrae, narrow hands, and tails with back halves that are skinny, stiff, and lightweight. Allosauridae 
might have been the biggest predators around at the time, but in the Jurassic, it was the Coelurosauria that 
spawned the dinosaurs' greatest success: birds. In addition, in the Cretaceous, some Coelurosauria would 
evolve their way to the very top of the food chain. 



Illustration 266 : The Early Cretaceous 


During the Jurassic, Pangaea began to split into two massive continents. Laurasia was the northern of the 
two and was composed of what we today call North America, Europe, and Asia (excluding India). Gondwana 
was the southern of the two and was composed of what we today call South America, Australia, Africa, 
Antarctica, Madagascar, and India. 
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Illustration 267 : Spinosauridae in Gondwana 


Illustration 268 : Ankylosauria and Iguanodontia in 
Laurasia 


Later, Laurasia and Gondwana also split into smaller continents, but the continents did not assume their 
modern positions until long after the dinosaur extinction. As the continents drifted apart, so too did the 
populations of dinosaurs. Some groups went extinct in Laurasia or Gondwana, and some groups diversified. 

By the Early Cretaceous, there were significant regional differences among the world's dinosaurs. 
Iguanodontia, Ankylosauria, and Brachiosauridae Sauropoda were present in North America and Europe. In 
Africa, the dominant Theropoda were the Spinosauridae and Carcharodontosauridae. In Asia, 
Coelurosauria Theropoda became common, and the first Ceratopsia evolved. 

By the Late Cretaceous, Gondwana had begun to break apart into its constituent continents, but Antarctica 
and Australia remained connected until close to the end of the Cretaceous. Sauropoda dinosaurs went extinct in 
Laurasia, but thrived in Gondwana. However, they were not the same Sauropoda that populated the Jurassic. 
The Diplodocidae had gone extinct during the beginning of the Cretaceous, and although the Macronaria 
survived, the Brachiosauridae Macronaria did not. Instead, a new type of Macronaria dominated, the 
Titanosauria. 

Titanosauria are the most robust of all Sauropoda. Their chests are broad and their hips are wide. Their 
hind limbs are spaced far apart - giving them a very stable base. Many Titanosauria had osteoderms, and some 
even had large spiky armor. Titanosauria ranged in size, but among their ranks were animals like 
Argentinosaurus - a Sauropoda that has been estimated to weigh over a hundred tons, making it the 
largest creature to ever walk the Earth. 



Illustration 269 : Giganotosaurus 


With armor and sheer size to protect them, Titanosauria were not easy prey, but one group of 
Late Cretaceous Theropoda may have been specialized giant slayers. The Carcharodontosauridae are named 
for the shape of their teeth, which resemble those of the Carcharodon - the great white shark. 
Carcharodontosauridae are a type of Allosauridae, therefore, they are descendants of the big Theropoda that 
first rose to prominence in the Late-Jurassic. However, Carcharodontosauridae differ from older Allosauridae in 
a number of ways. Most noticeably, Carcharodontosauridae have bigger heads with longer jaws. As 
Late Cretaceous Titanosauria got bigger, so did Carcharodontosauridae. The largest of all was the 
South American Giganotosaurus. At > 13 m in length, Giganotosaurus even out-sized Tyrannosaurus rex. 

There was room for more than one kind of big carnivores in the Late Cretaceous of South America. 
Abelisauridae, like the famous horned species Carnotaurus, were the last survivors of the 
Ceratosauridae lineage, and some grew to > 8 m in length. In the Cretaceous, the group was strictly limited to 
Gondwana, but they evidently thrived there, as Abelisauridae fossils have been found throughout the 
Southern Hemisphere. 
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Living alongside Carcharodontosauridae must have been tough, and the need for ecological 
niche partitioning drove Abelisauridae to adapt a strikingly different morphology. While Carcharodontosauridae 
have long jaws with big teeth, Abelisauridae have short muzzles and proportionately tiny teeth. While 
Carcharodontosauridae tended to have powerful forearms with large hooked claws, Abelisauridae had 
ridiculously short and stubby arms, with small claws. In addition, while Carcharodontosauridae likely preyed on 
huge Titanosauria, Abelisauridae are thought by many paleontologists to have hunted the smaller species of 
Titanosauria and other less daunting herbivores. 

Hadrosauridae and Ankylosauria were rare in South America, but a few species found in the 
latest Cretaceous suggest that there was a land bridge late in the evolution of the dinosaurs between North and 
South America. 

While Titanosauria were abundant and diverse in Gondwana, they were far less common in Late Cretaceous 
Laurasia. In what is now Asia, Titanosauria were present, but comparatively rare components of the ecosystem. 
In North America, only a handful of Titanosauria species are known. This relative under abundance of 
Sauropoda in the north is one of the biggest differences between the Late Cretaceous fauna of Laurasia and 
Gondwana, and meant that northern herbivorous niches were filled by other kinds of plant-eaters. 

Although Stegosauria never made it to the Late Cretaceous, another group of Thyreophora did; the 
Ankylosauria. In Laurasia, Ankylosauria split into two major groups. The Ankylosauridae are the Ankylosauria 
with the famous tail clubs. Antylosauridae also typically have large backwards-pointing horns at the rear of their 
skulls and a short rounded snout at the front. Nodosauridae are the second major group of Ankylosauria. 
They lacked tail clubs, but some have offensive weapons at the other end, in the form of large 
osteoderm spikes that project outwards from over their shoulders. Nodosauridae do not generally have the big 
skull horns of Ankylosauridae, and their snouts are significantly narrower and more elongated. 

After their start in the Jurassic, Iguanodontidae Ornithopoda thrived and became common across the globe, 
during the Early Cretaceous. In Laurasia, a new kind of Iguanodontidae evolved; the Hadrosauridae. 
Hadrosauridae flourished in the Late Cretaceous and quickly became the Northern Hemisphere's 
most successful herbivorous dinosaurs. We have more fossils of Hadrosauridae and know more about 
Hadrosauridae biology than any other major dinosaur group. 

Among advanced Hadrosauridae, there are two major groups. The Lambeosaurinae Hadrosauridae had 
big crests on their heads, which can be thought of as a kind of musical instrument. Inside a 
Lambeosaurinae crest is a complex and hollow nasal passageway. Blowing air through this passage and then 
out the nostrils would have amplified the dinosaur's calls. The hollow crests of Lambeosaurinae come in a 
variety of sizes and shapes. 

The second major group of advanced Hadrosauridae is the Hadrosaurinae (sometimes called the 
Saurolophinae). From the skulls of Hadrosaurinae, it is clear that they do not have the complex 
sound amplifying crests of the Lambeosaurinae. However, some Hadrosaurinae do still have crests. For 
instance, the Hadrosaurinae Sauroiophus had a prominent, but solid, bony crest. Recently, a fossil 
mummy specimen of the Hadrosaurinae Edmontosaurus was discovered in Alberta, Canada, with a big 
fleshy crest, like the comb of a rooster, preserved on the top its head. This specimen revealed that at least 
some Hadrosaurinae had large crests, even though their skulls provide no record of them. 

Running a close second to Hadrosauridae, in terms of Laurasian diversity and success, was another group of 
herbivorous dinosaurs; the Marginocephalia. That name literally means 'fringe heads' and refers to an 
overhanging lip of bone at the back margin of the skull. Pachycephalosauria are one of the two major groups 
within the Marginocephalia. The other is the Ceratopsia. 

The first Ceratopsia are a far cry from the later and famous forms, like Triceratops. Primitive Ceratopsia, like 
Psittacosaurus, are small and bipedal dinosaurs, but they still show a few family resemblances. Like all 
Ceratopsia, they have large beaks and small, jugal cheek-horns projecting from the sides of their face. 
Psittacosaurus and other primitive Ceratopsia are well known in Asia, but the larger, more derived Ceratopsia, 
like Triceratops, are known almost exclusively from North America. 
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For much of the Cretaceous, the Allosauridae were the top predators throughout Laurasia, just as they were 
in Gondwana. However, they were rivaled by another Theropoda group. Coelurosauria blossomed into the 
most diverse of all Theropoda groups, and they gave rise to the most infamous of all predatory dinosaurs: the 
Tyrannosauroidea. 



Illustration 271: Eotyrannus 

By the end of the Cretaceous, Tyrannosauroidea came to dominate the niche of alpha predators throughout 
Laurasia. To some extent, Tyrannosauroidea achieved their success by taking to a further extreme the same 
adaptations that had once set the Allosauridae apart from their competitors; that is, Tyrannosauroidea evolved 
even longer legs and a much stiffer vertebral column. However, Tyrannosauroidea also evolved massive skulls 
with tremendous jaw muscles. The earliest Tyrannosauroidea, like the Asian species Dibng and Guan/ong, or 
the European species Eotyrannus, have normal head and body proportions, and they look similar to most other 
small Coelurosauria. Nevertheless, as Tyrannosauroidea evolved, they grew in absolute size and in the relative 
size of their heads. These big heads added weight to the front half of their bodies. To compensate, 
Tyrannosauroidea reduced weight by shrinking the size of their arms and hands - culminating in the last and 
largest of all Tyrannosauroidea Tyrannosaurus rex. 

Not all Cretaceous Coelurosauria were huge and predatory. Ornithomimidae are a kind of Coelurosauria 
that evolved a body plan similar to that of a modern ostrich or emu, but with long clawed fore limbs and a 
large tail. Another group of Coelurosauria developed a highly specialized wrist bone called a 
semilunate carpal. These crescent-shaped bones allowed the hand to be folded backwards at a sharp angle, 
and the dinosaurs that possess them are called the Maniraptora. Birds are one group of Maniraptora, and the 
semilunate carpals of birds allow them to fold delicately their wings when not flying. 



Illustration 272 : Citipati, an Oviraptorosauria 

As close relatives of birds, the sickle-clawed Dromaeosauridae are also Maniraptora, and so are the 
Oviraptorosauria. Like Ornithomimidae, Oviraptorosauria are a group of Theropoda that adapted to a mostly 
vegetarian life and lost their teeth in favor of large beaks. Many Oviraptorosauria had cranial crests and fans of 
feathers on the ends of their tails. 



Illustration 273 : Therizinosaurus 
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Perhaps the strangest of all Laurasian Coelurosauria are the Therizinosauria. Therizinosauria are also 
probably the most confusing. The first Therizinosauria fossil to be found was a huge claw, > 60 cm long. 
Paleontologists had no particular reason to think the claw belonged to a dinosaur. It certainly did not look like 
the claw of any dinosaur that had ever been found before. Instead, it was mistaken for the claw of a 
giant turtle. Even after more fossils were found, and it was clear that Therizinosauria were dinosaurs, not 
turtles, no one was quite sure what kind of dinosaurs they were. Therizinosauria have small skulls on the end of 
long necks and hind feet with four forward pointing toes, therefore, some paleontologists thought they might 
be Plateosauridae. Therizinosauria also have a backwards-directed pubis and jaws with small herbivorous teeth 
in the back and a beak in the front, therefore, some researchers classified them as Ornithischia. Several fossil 
skeleton discoveries and a lot of research later, paleontologists are now in agreement that Therizinosauria are 
Maniraptora Theropoda (close relatives of Oviraptorosauria). 

The movement of the continents does not always lead to geographic isolation - sometimes, plate tectonics 
brings continents that were once separate back together. When this happens, dinosaurs from one region can 
move into another, leading to similar species in both regions. This phenomenon is called faunal interchange. 
The Late Cretaceous dinosaurs of Alberta are very similar to those found in Mongolia, which suggests that there 
was immigration between these two areas during the Late Cretaceous; Asia and North America were probably 
intermittently connected via Alaska at this time. Theropoda are represented by Tyrannosauroidea, 
Dromaeosauridae, Therizinosauria, Ornithomimidae, and Oviraptorosauria; Ornithischia in both areas include 
Hadrosauridae, Ceratopsia, Ankylosauria, and Pachycephalosauria. 

5.3 Summarize Evidence For Warmer Climates During The Mesozoic 

The average global climate was also different during the 'Age of Dinosaurs.'Temperatures were, on average, 
much higher. This warmer global climate was largely caused by high volcanic activity, which released 
large quantities of C0 2 into the atmosphere. C0 2 is a greenhouse gas that holds in solar heat. The 
concentration of all Earth's land masses in only one or two supercontinents may have also been a factor that 
contributed to the high average temperatures, because it affected the circulation of both air and water currents 
through the polar regions. Ocean currents are extremely important to distributing and moving heat from 
one part of the Earth to another. Today, the Gulf Stream is an ocean current that flows from the Gulf of Mexico 
to the western coast of Europe. Gulf Stream water is warmed in the Gulf of Mexico and this heat is carried north 
as it flows. The Gulf Stream makes many European countries much warmer than places of similar latitudes on 
the other side of the Atlantic. This is why the maritime provinces of Canada are frigid places in winter, while 
Italy and Spain rarely see snow. Today a strong and cold ocean current encircles much of Antarctica, and this 
current helps to keep Antarctica cold. However, 70,000,000 years ago, when Antarctica was still attached to 
Australia, this current had to go up and around Australia. As the current moved through more equatorial areas, 
it become warmer, and then, as it flowed back down, carried this heat to Antarctica. 

As a consequence of the high global temperatures, there were no polar icecaps or glaciers during the 
Mesozoic. Antarctica and Australia were located within the Antarctic Circle, and parts of North America were 
located above the Arctic Circle (North America was actually located further north than it is today). The discovery 
of lush plant fossils in polar regions indicates that the climate there must have been much warmer than today. 



Illustration 274 : The Jurassic-aged Hanson Formation of Antarctica. 


Cryolophosaurus (the large Theropoda in the foreground), small Theropoda, and the Plateosauridae Glacialisaurus all lived in the 
South Polar Region. 

Although it was once assumed that dinosaurs were limited to warm tropical climates, it is now known that 
many varieties of dinosaurs thrived in Polar Regions. The Early-Jurassic Theropoda Cryolophosaurus, and the 
Plateosauridae Glacialisaurus, were discovered in Antarctica, along the Transantarctic Mountains. The 
small Ornithopoda Leaellynasaura inhabited what were then polar forests in the Early Cretaceous of Australia. 
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The Late Cretaceous of Alaska was home to a diverse assemblage of dinosaurs similar to what is found in 
Alberta, including the Hadrosauridae Edmontosaurus, the Tyrannosauroidea Albertosaurus, and the Ceratopsia 
Pachyrhinosaurus. Although the climate was warmer and supported lush polar forests, the polar regions would 
still have experienced periods of reduced sunlight or total darkness, as they do today. Presumably 
photosynthesis would have been reduced during these darker periods. There is debate over whether during 
these periods polar dinosaurs overwintered at the poles or migrated to lower latitudes (south, for North 
America, or north, for Antarctica and Australia). 

5.4 Summarize Evidence For Changing Sea Levels During The 
Mesozoic 



Illustration 275 : Ammonoidea shells 


Today, polar icecaps and glaciers hold large quantities of water, but, during the Mesozoic, this water was 
liquid and contributed significantly to high global sea levels. The warm climate also made the average global 
ocean temperature higher, which led to thermal expansion, causing the world's oceans to further swell and rise. 
During the Mesozoic, sea levels were up to 250 m higher than they are today. This resulted in the flooding of 
vast regions of the Earth, limiting the amount of exposed land and splitting areas that are now connected into 
isolated islands. For example, during the Late Cretaceous, much of the interior of North America was covered 
by a massive inland sea: this vast waterway, called the Western Interior Seaway, spread from the Arctic Ocean 
to the 'Gulf of Mexico.' At various points during the Mesozoic, North America was subdivided into two separate 
island subcontinents - Laramidia in the west, from which the majority of North American dinosaur species are 
known, and Appalachia in the east, from which far fewer dinosaurs are currently known. Because of this 
ancient sea, Mesozoic marine fossils can be found in parts of Alberta and throughout the American Midwest, 
because these regions were underwater during much of the Mesozoic. In Southern Alberta, marine sediments 
called the Bearpaw Formation have produced the remains of marine reptiles like Mosasauroidea and 
Plesiosauria, and invertebrates like ammonites (relatives of today's nautilus). 
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Dinosaur Origins 


1 Origins 

This course is all about dinosaurs. 

However, just what is a dinosaur? When did they first show up, and why? 

Although we may never have a complete answer to all of our questions, we do have a very solid framework 
to begin answering them. Over the last few decades, paleontologists have built up some good theories about 
where dinosaurs came from, and why they were such a successful group of animals. 

1.1 Synapsida 

Let us take a look at what makes a dinosaur a dinosaur. We will start with one of the most commonly 
mistaken dinosaurs, Dimetrodon. 



Illustration 276 : Dimetrodon skeleton 


Dimetrodon looks prehistoric with its spraying gait, toothy grin, and unusual sail, but Dimetrodon is actually 
much more closely related to humans than it was to any dinosaur. That is because Dimetrodon is a Synapsida, 
and that is indicated by the single opening behind its eye. 

What is the feature that makes an animal like Dimetrodon more similar to 
mammals than to dinosaurs? 

Give birth to live young 

Has a single fenestra behind the eye 

Have five toes on their rear limbs 

If you remember from some of the previous lessons, we talked about how mammals have only a single hole, 
or fenestra, in the skull behind their eye. The most prominent feature uniting Dimetrodon with mammals is a 
number of holes in its skull. Therefore, B is the correct answer. 

Dimetrodon did not give birth to live young; and neither do mammals like the Platypus. Regarding the 
number of toes, the ancestor of all egg-laying land-dwelling animals had five toes on each foot, therefore, that 
is not a distinct enough feature to link Dimetrodon to mammals. 

Vertebrates that lay hard-shelled eggs are called amniotes. Amniotes can be subdivided into several groups 
based on the number of holes, or fenestra, in the skull. The first group of amniotes is those without any extra 
skull openings behind the orbit. They are called Anapsida. Amniotes with one temporal fenestra are called 
Synapsida, and amniotes with two temporal fenestra are called Diapsida. 

Take a look at this skull of Tyrannosaurus. Which group of amniotes do you 
think dinosaurs belong to? 



Remember, a dinosaur's eye would have been right here in the orbit. 
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A) Synapsida C) Anapsida 

B) Diapsida 

Dinosaurs had two openings in the skull behind each orbit. Therefore, they are Diapsida. 

1.2 Diapsida 




The Diapsida are divided into two more groups, the Archosauromorpha and the Lepidosauromorpha. We can 
tell Archosauromorpha apart from the Lepidosauromorpha by yet more holes in the skull. Archosauromorpha 
have a fenestra in front of the orbit, called the antorbital fenestra, and a hole in the lower jaw, called the 
mandibular fenestra. Lepidosauromorpha lack these holes. 

1.2.1 Lepidosauromorpha Or Archosauromorpha 

Have another look at the Tyrannosaurus skull. 



Lepidosauromorpha Archosauromorpha 

Dinosaurs were Archosauromorpha, and you can tell, because of the antorbital and mandibular fenestra. 



Illustration 277 : Komodo dragon (skull) 


The Lepidosauromorpha includes modern day lizards, like this Komodo dragon, snakes, and the giant, 
extinct marine lizards called Mosasauroidea. The Archosauromorpha includes crocodiles, and birds, and the 
extinct flying reptiles called Pterosauria. 

Dinosaurs have a hole in front of the orbit, and on the lower jaw, and, therefore, they were 
Archosauromorpha. The final major division leading to dinosaurs has to do with differences mostly in the 
anklebones. Non-dinosaur Archosauromorpha, like crocodiles, has an ankle joint in which the two anklebones 
articulate with a peg and socket. 
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Dinosaurs and their close relatives have a more hinge like anklebone, which you can see on this 
Ceratopsia tibia, and that allowed them to have a more upright stance. Although pterosaurs have this hinge like 
anklebone, they have so many unique adaptations for flying, but they are not considered part of the dinosaur 
family tree. 


We often think of dinosaurs as being the first important prehistoric land animals, but that would be ignoring 
an incredible diversity of extinct animals. Tetrapoda, or animals of four limbs, first crawled on the land more 
than 350,000,000 years ago. However, the first dinosaurs did not evolve until 230,000,000 years ago. 


What happened in the 120,000,000 years between the first Tetrapoda and the 
first dinosaurs? 


Although we tend to think of dinosaurs as the first amniote-group to diversify and become dominant, it was 
actually the synapses that diversified and radiated into the terrestrial habitats first. Remember, that the 
synapses are animals with only one opening behind the eye; and Synapsida includes mammals like us. 
Dimetrodon was one of the earliest Synapsida, and later Synapsida evolved more mammals like features, like a 
more upright posture and specialized ear bones. 




Illustration 279 : Gorgonops (Reconstruction) 


Illustration 278 : Estemmenosuchus skull 



Illustration 280 : Dicynodont (Reconstruction) 



Illustration 281 : Thrinaxodon (Reconstruction) 


Some of the Permian Synapsida were small, but some became as large as cows. Some, like 
Estemmenosuchus had elaborate horns. The Gorgonopsia were the largest carnivores of the Permian, and the 
dominate herbivores of the Late-Permian were Dicynodontia, unusual tusked and beak Synapsida. The 
Cynodontia, like Thrinaxodon, were the most mammals like of the early Synapsida. 


The Late-Permian landscape would have been an alien-looking environment. In the last module, we talked 
about paleo-geography and the super continent Pangaea. By the end of the Permian, all of the 
world's landmasses had collided to form Pangaea. The interior of Pangaea would have had a highly 
continental climate, with very extreme temperatures, and periods of extreme dryness. These arid landscapes 
were inhabited by animals that are very unfamiliar to us today, even though they include some of our closest 
non-mammalian Synapsida relatives. 
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1.3 Late-Permian Extinction 


A mass extinction at the very end of the Permian Period wiped out most of the dominant animal groups 
living at the time. 


What do you think caused this mass extinction? 

Check the one answer you think is the most correct. 

A) Volcanoes C) Greenhouse gases 

B) An asteroid impact 

Based on our current understanding, the primary cause of this mass extinction appears to be increased 
concentrations of greenhouse gases, in particular C0 2 . Therefore, C is the correct answer. However, 
intense volcanism over thousands of square kilometers in Siberia, and possible asteroid impacts could have also 
played a supporting role. We just do not know for sure. 
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The reign of Synapsida was cut short by the greatest mass extinction of all time: the End-Permian extinction. 
The End-Cretaceous extinction event is the most famous, because this is when the dinosaurs died out, but 
more species died at the end of the Permian. This extinction impacted more than 90 % of ocean-dwelling 
animals, and more than 70 % of land-dwelling ones. 
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At the dawn of the Mesozoic Era, in the early Triassic Period, life was beginning to recover from the massive 
End-Permian extinction. That extinction event was so severe, that Earth's new ecosystems were only composed 
of a few species each. 



Illustration 282 : Lystrosaurus (Reconstruction) 

One of the hardiest survivors was the herbivorous Dicynodontia Synapsida Lystrosaurus, which was 
abundant, and the few Cynodontia Synapsida squeaked through as well, which is a good thing for us. It is from 
these small Cynodontia that mammals would evolve. However, the Synapsida lineage would not become the 
dominant terrestrial vertebrates for a very long time. As the world's ecosystems continued to recover from the 
End-Permian extinction, Archosauromorpha became the dominant terrestrial vertebrates. 
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1.4 Identifying Archosauromorpha 

Do you remember the distinguishing features of Archosauromorpha? 

Check all the answers you think apply. 

A) One fenestra in the skull behind the orbit 

B) A single fenestra in the bones of the lower jaw 

C) A fenestra in the skull in front of the orbit? 

Archosauromorpha, including dinosaurs and their relatives, had two fenestra in their skulls behind their eyes, 
as well as a fenestra in front of their orbit and in their lower jaw. Therefore, B and C are the correct answers. 

There are two major lineages of Archosauromorpha. You can think of these as the crocodile-line and 
bird-line Archosauria, based on their living members. In the middle and Late-Triassic, it was actually the 
crocodile-line Archosauria that became the dominant terrestrial vertebrates. There were many crocodile-like 
Archosauria that maybe unfamiliar to most of us, because they are often overshadowed by the dinosaurs. 



Illustration 285 : Prestosuchus, a Prestosuchidae 

(Reconstruction) Illustration 286 : Arizonasaurus, a Poposauroidea 

(Reconstruction) 


There were slender snouted Phytosauria and armored pig-snouted Aetosauria. The Rauisuchidae and 
Prestosuchidae looked a lot like crocodiles, but walked with an upright posture, an unusual group of 
Pseudosuchia, the Poposauroidea, including the sail-back species and bipedal species that looked a lot like the 
Theropoda dinosaurs. 

The Triassic Period could be described as the age of Pseudosuchia. Although crocodile-like Archosauria 
would continue to be abundant and diverse throughout the Mesozoic and Cenozoic eras, this is the period in 
which they truly flourished. In the background of Pseudosuchia diversity, the first dinosaurs and several species 
of not quite dinosaurs appeared. 

Footprints from dinosaur-like Archosauria had been found as far back as 250,000,000 years ago, which tells 
us that the evolution of true dinosaurs began not long after the End-Permian extinction. Most of these 
dinosaur morphs were small and bipedal, and looked a lot like the true dinosaurs. 

1.5 Dinosauromorpha 

The earliest Dinosauromorpha lacked some of the specializations that characterized dinosaurs proper, such 
as a hip socket with a hole through it, which we call the perforated acetabulum. The Dinosauromorpha and 
early dinosaurs coexisted throughout the Late-Triassic, but still took second place to the larger and 
more diverse Aetosauria, Phytosauria, and Rauisuchidae. 

The earliest true dinosaurs have been found mostly in the middle Triassic of Argentina and New Mexico. 
Eoraptor, Eodromaeus, Herrerasaurus, and Panphagia were the earliest Saurischia dinosaurs, and Pisanosaurus 
was an early Ornithischia dinosaur. All of these dinosaurs were relatively small and bipedal, and all except 
Pisanosaurus were carnivores. 
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2 Rise Of The Dinosaurs 



Illustration 287 : Coelophysis (Reconstruction) 


The most famous Jurassic dinosaur is Coelophysis. Hundreds of Coelophysis skeletons have been found in 
New Mexico, at the 'Ghost Ranch Quarry.' Coelophysis was a small early Theropoda dinosaur. Let us take a look 
at a portion of the quarry. 


At this point, please watch 'Dinosaur Paleobiology_004.MP4‘ 

Video 4 : 'Ghost Ranch Quarry' (Portion) 


Early Sauropodomorpha dinosaurs had also evolved by this time, including Plateosaurus. Early 
Dinosauromorpha, early Theropoda, and early Sauropodomorpha have been found in the Late-Triassic 
sediments all over the world. Although the current hypothesis is that dinosaurs originated near what is now 
Argentina. 

2.1 Triassic Dinosaur Range 

Can you think of a reason why similar species of early dinosaurs were found all 
of the world, and not just in the Southern or Northern Regions? 

There is only one correct answer, so consider your selection carefully. 


A) Similar climates in different areas 

B) Landmasses were connected to one another 

C) Dinosaurs would not migrate between regions 


During the Triassic Period, the continents were joined together into Pangaea. This meant that land animals, 
like dinosaurs, could move easily all over the Earth. Therefore, B is the correct answer. 

2.2 End-Triassic Extinction 

Pangaea did not begin to break apart until the end of the Triassic Period. As such, there were no 
sea barriers preventing dinosaurs from moving to different areas. They were able to disperse across all the 
land. Only later as we learned in the palaeogeography lesson, did the continent become separated, helping 
dinosaurs to differentiate significantly from each other. The transition from Triassic to the Jurassic Periods is 
marked by yet another mass extinction. The End-Triassic extinction saw the end of many of the 
Pseudosuchia Archosauria that were dominant during the Triassic. The Aetosauria, Phytosauria, Rauisuchidae, 
and Poposauroidea did not make it into the Jurassic. This left only the Crocodylomorpha as the sole 
representatives of the crocodile-like lineage. Nearly all of the Dicynodontia Synapsida went extinct, and only a 
few small proto-mammals survived. The cause of the End-Triassic extinction is even murkier than the 
End-Permian extinction. About 50 % of all species on Earth went extinct at this time. We believe that the 
extinction may have been related to intense volcanism during the initial breakup of Pangaea. 

2.3 Two Extinctions 

Let us take a few minutes to put together the story of the origin of dinosaurs. Two extinction events set the 
stage for the rise of the dinosaurs. 

When were these extinction events? 

Check the two time period boundaries that you believe are correct. 


A) Permian-Triassic 

B) Triassic-Jurassic 


C) J u rassi c-Cretaceous 

D) Cretaceous-Paleogene 
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The main extinction events that had a role in the origin of the dinosaurs were the Permian-Triassic 
extinction, which gave dinosaurs their first break, and the Triassic-Jurassic extinction, after which dinosaurs 
went from small players to the dominant terrestrial vertebrates. Therefore, A and B are correct. 

Based on what we have talked about so far, how would you characterize the 
rise of the dinosaurs? Did dinosaurs suddenly appear and assume 
immediate dominance over their environment? 

Not at all. The story of the dinosaurs' rise to power was a slow but steady one. After the Permian Triassic 
extinction, Pseudosuchia were the first group of Archosauria to diversify and become common. 

Did dinosaurs eventually succeed at out-competing the Pseudosuchia, or did 
dinosaurs just get lucky when the End-Triassic extinction event wiped out all 
the Pseudosuchia? 

Right now, there is insufficient evidence to prove that dinosaur's out-competed the Pseudosuchia on all 
evolutionary fronts. However, it is also probably inaccurate to claim that dinosaurs merely got lucky, and 
capitalized on the misfortune of others. Remember, that early in the Triassic, Dinosauromorpha were 
uncommon, but by the end of the Triassic, some like Coeiophysis were the most abundant large vertebrates in 
their ecosystems. In particular, Plateosauridae show early hints of the dinosaur domination that was to begin in 
the Jurassic. Plateosauridae were not only the largest herbivores in any Late-Triassic environment, but they 
were also the largest terrestrial herbivores that had ever evolved up to that point. Whatever the reason for their 
successes, dinosaurs, and their close relatives, began the Triassic as small and unassuming animals low down 
on the ancient food chain. However, by the end, dinosaurs were large and in charge. However, as we will see in 
the next lesson, the odds caught up with the dinosaurs in the end. That is when a third mass extinction event 
occurred and brought the age of the dinosaurs to a sudden and violent close. 

3 Learning Objectives 

3.1 Identify Features That Differentiate Anapsida, Synapsida, And 
Diapsida 

Recall that fenestra are additional openings in the skull that do not house sensory organs. Usually, fenestra 
provide an open area for large muscles to fill. The number and arrangement of fenestra are key characters that 
are used to help classify amniotes into their major lineages. 
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Illustration 288 : Skull of a green sea turtle, an Anapsida 

Amniotes that completely lack fenestra are called Anapsida. Modern turtles are one example, but Anapsida 
are relatively rare today, and were more common earlier in the history of amniotes. 



Illustration 289 : Skull of Dimetrodon, a Synapsida 

Synapsida are amniotes with one fenestra on each lateral side of their skull. All mammals are Synapsida 
and, therefore, were our close reptilian ancestors, like the famous sail-backed Synapsida Dimetrodon. Although 
it is commonly misidentified as dinosaur, Dimetrodon is more closely related to you and me than it is to any 
dinosaur. Dimetrodon lived during the Permian Period, therefore, it was millions of years older than the 
first dinosaurs. 
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Illustration 290 : Skull of Eoraptor, a Diapsida 

Amniotes with one set of fenestra on the lateral sides of their skulls and one set on the top surfaces of their 
skulls are called Diapsida. 


3.2 Identify Features That Differentiate 

Lepidosauromorpha Diapsida And Archosauromorpha Diapsida 

Diapsida are further subdivided into two groups, again based on fenestra. Lepidosauromorpha (or 
Lepidosauria, as we will also refer to them here) are Diapsida with no additional fenestra. 



Illustration 291: Eoraptor, an Archosauromorpha Illustration 292 : Komodo dragon, a Lepidosauromorpha 

Modern Lepidosauria include lizards, snakes, and tuataras. Archosauromorpha (or Archosauria, as we will 
also refer to them here) are Diapsida with an additional fenestra in front of each orbit (the 
antorbital fenestra) and an additional fenestra on the rear of the lower jaw (the mandibular fenestra). 
Crocodilians, birds, dinosaurs, and the extinct flying reptiles called pterosaurs are all Archosauria. Note that 
some lineages of Archosauria, such as modern crocodilians, have secondarily lost their antorbital fenestra and 
some, like the pterosaurs, secondarily lost their mandibular fenestra. This does not mean that crocodilians or 
Pterosauria lose their status as Archosauria, because 'Archosauria' is a name applied to the 
evolutionary lineage. As long as the ancestors of crocodilians and Pterosauria had the characters that define an 
Archosauria (and they did), crocodilians, Pterosauria, and all other such descendants will be classified as part of 
this evolutionary group. 

3.3 Identify Features That Differentiate Pseudosuchia Archosauria 
From Avemetatarsalia Archosauria 



Illustration 293 : The Pseudosuchia ankle condition 


Where the astragalus (pink) and calcaneus (blue) interlock like a peg-and-socket, rotating around each other during locomotion 



Illustration 294 : The Avemetatarsalia condition results in a simple hinge joint 
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Dinosaurs, Pterosauria, and a few of their close relatives belong to a special group of Archosauria, and are 
known as Avemetatarsalia. Avemetatarsalia are characterized by having ankles that flex like a hinge, while 
other Archosauria have ankles that rotate like a ball-and-socket. This adaptation gave Avemetatarsalia 
stiffer ankles, which were better able to support their weight safely while running, and were better suited to 
locomotion on upright (non-sprawling) limbs. The Archosauria are thus divided into two main lineages; the 
Pseudosuchia Archosauria, which include today's living crocodiles, their ancestors, and many unusual 
extinct groups that we will cover in greater detail shortly, and the Avemetatarsalia Archosauria, which include 
dinosaurs and their immediate ancestors, Pterosauria, and birds. 



Dinosaurs are Dinosauromorpha, Avemetatarsalia, and Archosauria Diapsida. As an aside: the phylogenetic placement of turtles and other 
Anapsida is still hotly debated; for simplicity, all Anapsida have here been grouped as a single clade outside of Synapsida and Diapsida here. 
Remember that each node includes all of the clades above it on the tree. 

3.4 Describe The Characteristic Vertebrates Of The Permian Period 
And The Changes In Vertebrate Community Structure At The 
Permian-Triassic Boundary 



Illustration 296 : Dimetrodon 

One of the earliest Synapsida, seems to have little in common with its living relatives the mammals at first glance. 

In the Permian (299 - 252 million years ago), all the world's landmass was part of the 
supercontinent Pangaea. This single continent had an arid interior, with rapidly fluctuating temperatures and 
climates. The first group of amniotes to evolve large body size and to dominate the ecological roles of 
mega-herbivores and mega-carnivores across Pangaea was not the dinosaurs. It was the Synapsida - our own 
lineage! Reptile-like Synapsida, including Dimetrodon, became common and thrived for millions of years. 
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Illustration 297 : Permian Synapsida 

Gorgonops( left), a carnivorous Gorgonopsia from South Africa, Estemmenosuchus (right), one of the larger early Synapsida at 3 m (10 ft) 
in length, a herbivore from Russia, and Dicynodontoides (bottom), a small herbivorous Dicynodontia from Africa and India 

Gradually, these early Synapsida become more mammal-like. Late in the Permian, large saber-toothed 
Synapsida, called Gorgonopsia, were the top predators, and Synapsida, like the tusked Dicynodontia, were 
the top herbivores. There was a diverse array of small and medium-sized Synapsida, including the Cynodontia. 
Cynodontia would go on to evolve into true mammals, and the early forms looked a little like short-legged 
dogs. Then, 252,000,000 years ago, disaster struck the world of the Synapsida. 

The End-Permian mass extinction was the most devastating extinction event in the history of life. The 
exact percentage of species that went extinct varies according to different researchers (think back to the 
problems paleontologists can face when identifying fossil species), but paleontologists agree that about 70 % of 
all terrestrial vertebrate species, and 90 - 95 % of all marine species, went extinct in a short span of time. This 
is a truly colossal loss of life and diversity. 

The cause (or causes) of the End-Permian mass extinction remains uncertain. Huge lava deposits, known as 
the Siberian Traps, formed at this time. The volcanic eruptions that formed these deposits may have been 
ongoing for 200,000 years or more! These long-lasting eruptions must have released large quantities of 
volcanic gases into the atmosphere, leading to a greenhouse effect and increased global temperatures. 
Increased global temperatures may have also resulted in the melting of frozen chemicals called 
Methane-hydrates deep in the ocean, which in turn would have contributed to more global warming and even 
more melting of methane hydrates, and so on. Global temperatures may have increased by at least 6°C right at 
the end of the Permian. Some scientists have hypothesized that the extinction may have been brought about by 
a comet or meteorite impact, although a crater from such an impact has yet to be found. Whatever the cause, 
the End-Permian mass extinction was the single greatest extinction event ever, and it took millions of years for 
Earth's ecosystems to recover. 

3.5 Describe The Characteristic Vertebrates Of The Triassic Period 
And The Changes In Vertebrate Community Structure At The 
Triassic-Jurassic Boundary. Assess Competing Hypotheses For 
The Rise Of Dinosaurs As The Dominant Terrestrial Vertebrates. 



Illustration 298 : Kannemeyeria 

A large Triassic Dicynodontia that had a nearly worldwide distribution. 

The Synapsida had been cut down in their evolutionary prime, and this left vacant the ecological roles that 
they had previously filled. At first, the Synapsida lineages that had managed to survive the extinction slowly 
rebounded and some group's re-evolved large body sizes and reassumed their roles as top predators and 
herbivores. Cynodontia and Dicynodontia were among the Synapsida that succeeded in rebounding, and it is 
during the Triassic that the first true mammals appeared. However, at the same time, a new group of Diapsida, 
the Archosauria, also began to diversify and grow. Gradually, large Archosauria became more abundant, while 
large Synapsida became less abundant. 



Illustration 299 : Non-dinosaurian Archosauria from the Triassic of Arizona 

Left: Smi/osuchus (a Phytosauria); middle: Desmatosuchus (an Aetosauria); right: Poposaurus (a Poposauroidea) 
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The first widely successful group of Archosauria was a lineage that would later go on to evolve into 
modern crocodilians. These crocodiie-line Archosauria are called Pseudosuchia. The Pseudosuchia of the 
Triassic include the often huge and slender-snouted Phytosauria, which were semi aquatic predators like their 
distant crocodile relatives; the heavily armored and herbivorous Aetosauria; the Rauisuchidae and 
Prestosuchidae, which were terrestrial predators with upright limb posture; and the Poposauroidea, some of 
which were sail-backs and demonstrate convergent evolution with the earlier Dimetrodon. 


A 



Illustration 300 : Supersaurus 


A herbivorous, quadrupedal, non-dinosaurian Dinosauromorpha. It is known from the Triassic of Poland, but Silesauridae are also known 
from many other locations worldwide. 

Where were the dinosaurs? The oldest record of dinosaur-like Archosauria comes from footprints that have 
been dated at roughly 250,000,000 years old. The earliest dinosaur-like Archosauria were small, bipedal and 
looked a lot like the true dinosaurs, but they lacked some of the specializations that characterize true 
Dinosauria, such as a hip socket with a hole through it - for this reason, we call these animals 
Dinosauromorpha. Some early Dinosauromorpha were quadrupedal, like the Silesauridae. 



Illustration 301 : Eodromaeus ( left) and Eoraptor ( right) 


Both known from the Triassic of Argentina; Eodromaeus is thought to be an early member of the Theropoda lineage, and Eoraptor is 
thought to be an early member of the Sauropoda lineage. Early representatives of any given clade often look very 'primitive' and 
unspecialized. 

The best record of early dinosaur bones comes from 228,000,000 years old fossil beds of Argentina. 
Eoraptor, Eodromaeus, Herrerasaurus, and Panphagia are examples of early carnivorous Saurischia dinosaurs, 
and Pisanosaurus is an early herbivorous Ornithischia dinosaur. It seems clear that early dinosaurs were more 
successful and diverse as carnivores than as herbivores. Eoraptor, Eodromaeus, Panphagia, and Pisanosaurus 
are all relatively small (< 1 min length), but Herrerasaurus was significantly larger (comparable in size to a 
modern tiger). Compared to the many other Archosauria, these early dinosaurs were rare components of their 
ecosystems. 



Illustration 302 : Coelophysis, a Triassic Theropoda dinosaur 

As the Triassic drew to a close, dinosaurs were gaining ground. Coelophysis was a wolf-sized 
Triassic Theropoda that has been found in large bone beds in New Mexico. Coelophysis appears to have been 
one of the most common predators of its time and place. Plateosauridae evolved late in the Triassic and also 
were hugely successful. Piateosaurus is the best known of the Plateosauridae and would have weighed more 
than three tons. In the Triassic, Plateosauridae were record breakers, the largest herbivores that had 
ever evolved up to that time. 
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Did dinosaurs suddenly appear and dominate their environment? 

Not at all. The story of the dinosaurs' rise to power was a slow, but steady one, pushed along by the 
misfortune of others. For example, after the End-Permian extinction, Pseudosuchia Archosauria diversified and 
became very common. The earliest dinosaurs coexisted alongside more primitive Dinosauromorpha for some 
time, and many Pseudosuchia had evolved dinosaur-like body plans. 

At the end of the Triassic another mass extinction event of unknown cause occurred. This extinction was not 
nearly as severe as the extinction at the end of the Permian. Still, it hit many of the thriving Archosauria groups 
hard ... but not dinosaurs. The story of the origin of dinosaurs is not so much one of dinosaurs conquering and 
defeating other groups, but rather one of chance and opportunity. Right now, there is not any evidence to 
suggest that dinosaurs outcompeted the Pseudosuchia. Both Pseudosuchia and dinosaurs were well adapted for 
their Triassic environments, and dinosaurs did not gradually replace Pseudosuchia in their ecosystems. Instead, 
dinosaurs 'got lucky' - some aspect of their biology made them better able to survive the End-Triassic extinction 
than the Pseudosuchia. The extinction left several ecological roles vacant, and dinosaurs quickly evolved to fill 
them. This success, at the time of Pangaea, allowed dinosaurs to spread to the far edges of every continent, 
without ever having to swim. As Pangaea broke apart, dinosaurs rode the plates, and different dinosaur groups 
had the opportunity to evolve and diversify in geographic isolation. With the start of the Jurassic, the 'Age of 
Dinosaurs' had truly begun. As we will see in the next lesson, however, the odds caught up with dinosaurs in 
the end. 
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Dinosaur Extinction 


1 Extinction 

In the last module, we talked about dinosaur origins. Now, we want to know why many of them went 
extinct. Let us start to answer this question by using a technique we have used so often in this course, by 
looking at modern animals for answers. 

Which of these animals are now extinct? 

Check all the answers you think are correct. 

A) Dimetrodon C) Sm/iodon 

B) Mammoth D) Trilobite 

There are many groups of animals that are no longer alive today. Things like Trilobites, which were 
very pervasive in the Paleozoic Era, did not survive the End-Permian extinction. Dimetrodon, which gave rise to 
animals like mammals, went extinct way back in the Triassic Period. Other animals, like the sabertooth cat 
Smi/odon and the mammoth are extinct species that still have close living relatives, like lions and elephants. All 
of these animals are now extinct. Therefore, A, B, C, and D are correct answers. 


1.1 Extinction Through Human Activities 



Illustration 304 : Carolina parakeet 


Just as new species of animals have evolved throughout the history of life, so too have species ceased to 
exist. When all of the individuals of a species are gone, that species is extinct. Unfortunately, many species 
have recently become extinct through the results of human activities. The Thylacinus marsupial wolf went 
extinct in 1936, due to hunting and disease. The Carolina parakeet, the only parrot native to the US, went 
extinct in 1918 because of deforestation, and the demand for its feathers in the fashion industry. Perhaps one 
of the most famous recent extinctions was the Passenger pigeon. The last member of this species died in 1914, 
the result of deforestation and hunting. When extensive hunting of the Passenger pigeon first began, there 
were about 5,000,000,000 Passenger pigeons. However, even their great numbers did not prevent them from 
going extinct. 



Illustration 306 : Javan rhinos 


Species that are still present today are called extant, but even some extant animals are on the brink of 
extinction. For example, less that 60 Javan rhinos remain in the wild and the Spix's macaw are extinct in the 
wild. The species survives only in captivity. Sometimes animals can be brought back from the brink of extinction 
through intensive human efforts like captive breeding programs. California condors were saved in this way after 
the species had plummeted to only 22 individuals. While many species have become extinct through the actions 
of humans, extinction is also a natural process that has occurred countless times throughout Earth's history. 

Species arise and go extinct all the time. 
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On average, how long does a species last before it goes extinct? 

A) 100,000 - 1,000,000 years C) 10,000,000 - 20,000,000 years 

B) 1,000,000 - 10,000,000 years 

The answer is B, 1,000,000 - 10,000,000 years. Of course, there are exceptions with some species coming 
and going much quicker or lasting much longer. This means that if there are about 10,000,000 species on 
Earth, on average, one species should go extinct every year just due to natural causes. 



Although species are going extinct all the time, there are times in history when many species have all gone 
extinct at once. If you remember from the last module, we talked about how at the end of the Permian and at 
the end of the Triassic there were mass extinctions where over half of the species alive went extinct over a 
very short period of time. As well, there were two other mass extinctions before these. One at the end of the 
Ordovician, and one at the end of the Devonian. The most recent mass extinction was at the end of the 
Cretaceous, about 66,000,000 years ago. It was the End-Cretaceous extinction that wiped out all of the 
non-avian dinosaurs. 

Non-avian dinosaurs were not the only animals to go extinct during the End-Cretaceous extinction. 

Which of the following groups also went extinct at this time? 

Multiple answers may be correct, so check all the ones you think are right 

A) Ammonites C) Mosasauroidea 

B) Champsosaurus D) Multituberculata mammals 

Both the very abundant ammonites and sea-living Mosasauroidea went extinct. There were a number of 
groups though like the multituberculata mammals and crocodile-like Champsosaurus that made it through the 
end of the Cretaceous Period, only to fade into extinction millions of years later. 

We are here in the 'University of Alberta Paleontology Museum.' Here we have on display a wide selection of 
animals, which are alive before and just after the End-Cretaceous mass extinction. Although the land was still 
dominated both in total numbers and in size by the non-avian dinosaurs by the end of the Cretaceous, many of 
the groups of animals we are familiar with today had already evolved. For example, birds had already become 
diverse and well established, although they were mostly represented by groups no longer alive today, like the 
tooth Hesperornithes and Enantiornithiform. Birds would later undergo an explosive adaptive radiation after the 
End-Cretaceous extinction, rapidly evolving into the major groups we see today. The Pterosauria, unlike birds, 
did not survive the extinction event. The Pterosauria were the largest flying animals ever to have evolved. 
Most mammals were small shrew or mouse-size insectivores, and were only distinctly related to modern 
placental and marsupial mammals. 



Illustration 308 : Kamptobaatar skull 


One of the most common groups of mammals in the Cretaceous was the Multituberculata, represented by 
this Kamptobaatar I have here. Virtually the only record we have of these mammals consists of their small, 
isolated teeth. 
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They along with the morg familiar placenta mammals, like this distant relative of modern day deer, and just 
to orient you, here is the nose, the orbit and the teeth. 




As well as marsupial mammals, represented by this Opossum jaw I have here. These species survived the 
End-Cretaceous extinction. However, by about 35,000,000 years ago, multi-tuberculin's were extinct. 

Turtles were also common animals both before and after the end of the Cretaceous. Crocodiles were also a 
group that was common both before and after the mass extinction. The crocodiles and turtles may have 
survived the mass extinction because they both inhabit fresh water environments. A very recent paper has 
suggested that animals in fresh water aquatic habitats seem to have survived the mass extinction far better 
than groups in other habitats. 

Vegetation at this time included things like ferns, moss, coniferous trees, and flowering plants. For much of 
the Mesozoic, forests were dominated by conifers. However, starting in the Mid-Cretaceous flowering plants 
began to become the dominant vegetation in forests. 

Near the end of the Cretaceous, the oceans were full of familiar creatures, like plankton, clams, snails, 
bony fish, and sharks, but there were also animals that are now extinct. The nautilus-like Ammonites, several 
kinds of reef-building corals, the giant marine lizards called Mosasauroidea, and the marine reptiles called 
Plesiosauria. One interesting group of animals that survived the End-Cretaceous extinction but are no longer 
alive today is the Champsosaurus. The Champsosaurus were superficially crocodilian-like, but had a distinct 
evolutionary history. They survived the End-Cretaceous extinction, but were extinct by the end of the 
Eocene Period, about 33,000,000 years ago. 


2 Causes Of Extinction 


As we know, not all species of dinosaurs lived at the same time. Thousands of species of dinosaurs came 
and went before the End-Cretaceous extinction. Stegosaurus, Dip/odocus, and AHosaurus were extinct long 
before Triceratops, Tyrannosaurus, and Anky/osaurus evolved. While human activities, like hunting, are 
important causes of extinctions of recent animals, a common theme with all of these recent extinctions is 
habitat loss. Changes to an animal's environment can occur too quickly for a species to adapt and evolve. 

2.1 Global Climate Change 

The Earth's climate and environments are always changing, but sometimes the rate of change is greater 
than other times. 

Can you think of some possible causes for environmental changes on a 
global scale? 

Check all the answers you think are correct. 


A) Opening of new oceans 


D) Mountain building that changes 


B) Closing of ocean current 
passage ways 


air currents 

E) Sea level changes 


C) Volcanism putting more CO 2 into 
the atmosphere 
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All of these can cause large-scale environmental change; therefore, all of the answers are correct. What is 
more, many of these effects can reinforce one another. For example, warmer temperatures can lead to 
warmer oceans, which lead to rising sea levels. Rising sea levels can raise temperatures, reinforcing the cycle of 
ongoing climate change. As we learn in the lesson on palaeogeography and plate tectonics, the continents are 
always moving. When continents rift apart, new oceans may form, and when continents collide, previously 
connected oceans may be divided. Plate tectonics influences the flow of ocean currents, which are important 
drivers of climate patterns worldwide. New mountain formation can also influence air currents, and mountains 
can block rain from falling in certain areas. A single large volcanic eruption can cause temperatures to drop for 
a year or two because of ash in the atmosphere, but continuous eruptions over thousands of years can cause 
an increase in C0 2 in the atmosphere, and, therefore, an increase in temperatures. The Earth is a 
dynamic place. 

What are some likely causes for the extinction of dinosaurs? 

Check all the answers you think are correct. 


A) 

Mammals eating eggs 

D) 

Dinosaurs got sick 

B) 

Climate change from volcanism 

E) 

A meteorite impact 

C) 

Climate change from 

F) 

Dinosaurs were not fit enough 


plate tectonics 




There have been many explanations put forward to explain the extinction of the non-avian dinosaurs. All of 
these have been suggestions at one time or another. However, the general consensus is that climate change of 
some kind or a meteorite impact killed the dinosaurs. Therefore, answers B, C, and E are correct. 

Some of the ideas that have been suggested as the cause of dinosaur extinction are pretty odd. Think about 
the one suggestion that dinosaurs were killed off by mammals eating their eggs. Here is why that theory is 
pretty unlikely. The idea that mammals caused the demise of dinosaurs does not take into account the long 
evolutionary success of dinosaurs. It does not make sense that mammals, which had co-existed with dinosaurs 
for millions and millions of years, would suddenly eat all of the dinosaur eggs everywhere. 

Other extinction theories, like a global virus or effects of a supernova, are difficult to test. Even so, there is 
no evidence to suggest that this is what occurred. It is also important to remember that dinosaurs were not the 
only animals to go extinct during the End-Cretaceous mass extinction. Therefore, whatever explanation we use 
for the extinction of dinosaurs must also make sense for the other animals that went extinct, as well as those 
that survived. 

Climate change is certainly a possible explanation for the End-Cretaceous mass extinction. We think 
something similar was the cause of the End-Permian extinction. We know that there was a long series of 
volcanic eruptions at the End-Cretaceous because there are huge lava fields of the right age in India called the 
Deccan Traps. However, there is another possible explanation for the End-Cretaceous extinction that has lots of 
evidence supporting it, a meteor impact. 

3 Chicxulub Impactor 

How often, on average, do you think a meteorite the size of a house impacts 
the Earth? 

A) Every 30 years C) Every 5 years 

B) Every 10 years D) Every 2 years 

Earth is hit by a meteorite about 7 m across every five years. Therefore, C is the correct answer. However, 
the Earth is being bombarded by smaller meteorites more often and much larger bodies less frequently. 

On February 13, 2013, a meteor exploded over the City of Chelyabinsk, Russia. The meteor broke apart in 
the sky above the city, and the resulting shock wave blew out windows for miles around. Over 1,000 people 
were injured, largely from flying glass. This meteor was probably about the size of a small house and weighed 
around 10,000 tons. Today, there is good evidence that a major meteorite impact occurred at the end of the 
Cretaceous. The Chelyabinsk meteorite caused a lot of damage, but, ultimately, it was a very small meteor that 
hit the Earth. We believe that the meteorite impact at the end of the Cretaceous was caused by a rock from 
space that was 10 km across, an object larger than Mount Everest. 

Let us take a look at some of the evidence for the 'End-Cretaceous Meteorite Hypothesis'. 

A geologist examining the stratigraphy near Gubbio, Italy, in 1979 observed a dark gray line of clay in the 
rock. There are many species of small oceanic plankton both above and below the layer of clay, but the species 
were completely different from one another. That observation raised a very interesting question. 
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Why? 

Scientists determined that the dark gray line of clay identified an extinction event, like a fingerprint left 
behind at the scene of a crime. There was oceanic plankton above and below the line, meaning the 
environment was similar, but it is not normal for all of the species to change at once. The layer of clay was 
associated with a catastrophic event that caused many species to die and led to other species that flourished. 
This layer was deposited about 65,000,000 years ago. The change in plankton species above and below the 
clay layer suggests that something abrupt happened here. 

How long did it take for the clay to be deposited? 

Even though it is very thin, maybe the sedimentation rate was very slow, and this thin layer represents a 
long period of time. Radiometric dating was used to figure out how long it took the clay layer to be deposited. 
Test results showed something unexpected. A high concentration of a very rare element called Iridium (Ir). The 
clay was full of it. Ir is very rare on Earth, but it is abundant in meteorites. Before long, scientists were looking 
for evidence of this clay layer all over the Earth, and they found this layer in 65,000,000-year-old 
sedimentary rock everywhere. 

As samples of this clay layer were examined further, unusual geological structures were found, tektites. 
Tektites are little globules of heated and cooled rock that only form around impact craters. Scientists also found 
grains of the mineral quartz with a distinctive internal structure that can only be caused by one of two events: 
shock wave from an atomic bomb blast, or shock waves from a meteorite impact. We call this kind of mineral 
'Shocked Quartz.' 

The evidence for a meteorite impact 65,000,000 years ago is growing. An impact crater would be a 
really good support for our hypothesis that a large meteorite impact was the source of Ir. 

Which of these places could you find an impact crater from 65,000,000 years 
ago? 

Check the answer or answers you think are correct. 

A) The deep ocean C) Iceland 

B) The Himalayas D) Mexico 

A crater might only be found on land that had been around and relatively unchanged for the last 
65,000,000 years. If the meteor hit the deep ocean, it might not have left a crater. If it hit in the mountains, 
the mountain building of the Himalayas over the last 65,000,000 years could have destroyed the crater. In 
some places, like Iceland, on the mid-oceanic ridge, are made up of rocks much younger than 65,000,000 years 
old. Therefore, D is the correct answer. 



A lot of time has passed since the suspected meteorite impact. Maybe the crater weathered away or was 
buried. Luckily, there are tools to help us peer inside the layers of Earth to look for large scale structures like 
impact craters, and geologists looking for fossil fuels often use these methods. A team of geologists noticed an 
unusual pattern of geological features in Mexico. Sinkholes, called cenotes, are arranged in a huge circle in the 
Yucatan peninsula. 
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Could this be the impact site? 

Geologists used remote sensing to look deep into the rock layers and found a huge buried impact crater. 
The cenotes were arranged in a circle, because the impact of the meteor pushed the rocks into a raised rim, 
and the rocks at the rim of the crater dissolved and formed caves more easily than the surrounding rocks. 

3.1 Tying An Impact Crater To An Extinction Event 

There is one more piece of information that you need to confirm that this impact crater is related to the 
Ir-layer. 

What is it? 

The impact crater has to be: 


A) Right size 

B) Right age 


C) Right place 


We definitely need to know that the impact crater formed 65,000,000 years ago, in order for it to be related 
to the Ir-layer also from 65,000,000 years ago. Where it hit is not as important, because is had global effects, 
and the size of the crater could be changed because of weathering. However, if the impact crater formed long 
before or after the Ir-layer, the two events could not be related. Therefore, B is the correct answer. 

Moreover, guess what? 

Our suspected impact crater in the Yucatan, called the Chicxulub crater, is 65,000,000 years old. 

3.2 Evidence 

Let us review our evidence. A layer of clay that is 65,000,000 years old contains an unusually large amount 
of Ir, which is only found at these concentrations in meteorites and asteroids. The Ir-layer is found all over the 
world. The clay layer also has tektites and shocked quartz, structures that can only be formed by 
nuclear explosions or meteorite impacts. A giant impact crater in Mexico is 65,000,000 years old. We have 
pretty solid evidence that a devastating meteor struck the Earth 65,000,000 years ago. 

However, why would a meteorite impact have been the cause of the 
End-Cretaceous extinction? 

The 'Chicxulub Impactor/ the meteor that formed the Chicxulub crater, was huge. It was far bigger than the 
Russian meteorite from 2013 that caused so much damage. The effects of such an impact would have been 
dramatic, in both the short and long terms. The meteor landed in the ocean causing mega tsunamis. We see 
evidence for huge tsunami deposits in the rock record 65,000,000 years ago. 

The shock wave from the meteor would have been intense, and the impact would have caused a 
huge explosion of dust and rocks, throwing debris into the atmosphere, and igniting huge firestorms on the 
ground. As the particles fell back to the Earth, atmospheric friction would have caused them to heat up, which, 
in turn, would have raised the air temperature on the Earth's surface. In the few hours after the impact, 
dinosaurs and other animals that could not find shelter, in water or underground, would have been cooked 
alive. 

3.3 Surviving The Impact 

Which animals do you think would have been well-adapted to survive the 
'Chicxulub Impactor' heat pulse? 

Check all the answers you think are correct. 


A) Non-avian dinosaurs 

B) Birds 


C) Mammals 

D) Crocodiles 


On land, any animals that could shelter in lakes or streams, and just come to the surface for short breaths of 
air, would have been able to survive. Therefore, turtles, crocodilians, and Champsosaurus were able to survive. 
Scientists also think that animals may have been able to survive the heat pulse by burrowing a little bit into the 
ground or even by hiding within very thick tree stumps or caves. In this way, small birds, mammals, and snakes 
were able to survive. Some small dinosaurs may have also survived in this way. Therefore, answers B, C, and D 
are correct. 
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3.4 Global Climate Change 

Very fine dust particles would not have fallen back to Earth for a long time. The Earth was plunged into 
gloomy twilight, perhaps for as many as 10 years. For about 6 months after the impact, there was so little 
sunlight that plants and phytoplankton stopped photosynthesizing. For up to 10 years after the impact, 
photosynthesis would have been reduced, because of reduced sunlight. Plants and phytoplankton are at the 
bottom of the food chain. No photosynthesis means no food for the herbivores, and then no food for the 
carnivores, both on land and in the ocean. 

Less sunlight also meant that the surface of the Earth got colder. There might have been 
freezing temperatures for almost 10 years, and temperatures may not have gone back to normal for 100 years. 
The global cooling would also have affected ocean circulation, which would have had major effects on 
marine organisms. In short, Earth was not a very nice place to be after the Chicxulub impact 65,000,000 years 
ago. 

If you were not blown away by the shock wave, drowned in a tsunami, or burned to death during the global 
fire storms and heat poles, you would have faced a multi-year winter with very little food and sunlight. 
Thankfully, some lucky and tenacious animals survived this catastrophe, and a new Era of life on Earth began. 
The Mesozoic was over, and the Cenozoic had just begun. 

4 Resurrecting Dinosaurs 

The non-avian dinosaurs are gone now, but could they ever be brought back to 
life? Can we resurrect extinct species? 

These are interesting questions that hinge on whether or not we can find or reconstruct dinosaur DNA. 

Why do you think it would be hard to get dinosaur DNA? 

Select the answer you think is correct. 

A) It is too difficult to extract DNA from a cell 

B) Dinosaur blood in a mosquito would be broken down in its stomach 

C) DNA molecules are delicate and breakdown over time 

D) We cannot find blood-sucking insects in amber 

The reason it is so hard to get extinct dinosaur DNA is that DNA breaks down over time. Even mammoths, 
which have been found fully frozen in the Siberian tundra, have proven to be very difficult to get good DNA 
from, and they are only tens of thousands of years old, not tens of millions. Therefore, C is the correct answer. 

In the movie 'Jurassic Park/ scientists clone dinosaurs using DNA extracted from blood-sucking insects, 
preserved in amber. Finding insects in amber is actually quite common. Even in Alberta, there are several sites 
that have produced amber with insects in them. We have learned about how rare it is for impressions of 
soft tissues to fossilize, and those soft tissues are usually filled in or replaced by minerals. Therefore, when we 
get a sample of fossilized skin, it is not really the original skin that is preserved; it is an impression. It is almost 
unthinkable that blood would be preserved, and that the tiny, delicate strands of DNA would survive tens, or 
even hundreds of millions of years. 

That is not the end of the story. Some amazing but controversial research on dinosaur bones from Montana 
seems to suggest that sometimes dinosaur blood vessels could be preserved. When paleontologists broke open 
some of the leg bones of Tyrannosaurus rex, and the Fladrosauridae called Brachylophosaurus, they found 
springy, elastic blood vessels. This opens the possibility for finding original dinosaur proteins, but we still are 
not very likely to find complete DNA as DNA breaks down very quickly after an animal dies. 

Some scientists are trying to reverse engineer a dinosaur from a bird, because birds are the 
direct ascendance of dinosaurs. They may still have some of the genes needed to code for things like teeth, a 
long bony tail, or clawed fingers. This is a new field of study that requires many complex laboratory techniques, 
and it really tells us more about developmental biology and the processes underlying evolution, rather than 
evolving an extant species to an extinct one. A dinosaur engineered in this way would not really be a 
resurrected species of dinosaur, but something new altogether. 

What about other extinct species? 

Maybe something recently extinct like a mammoth, or something that went extinct because of 
human actions, like a passenger pigeon. 
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4.1 Resurrecting Species 

Do you think we could resurrect a recently extinct species? 

A) Yes C) Nobody knows yet 

B) No 

At this point, we do not know. Whether you think extinct species can be resurrected is a personal point of 
view, as a science of it is changing so quickly. Therefore, C is the correct answer. 

It might just be possible to bring more recently extinct species back to life. There are plans to use tissues 
from mammoths frozen in the Siberian tundra to clone a mammoth. The nucleus of a mammoth's cell would be 
implanted into the egg of a living elephant, like how 'Dolly' the sheep was cloned. We are not able to grow a 
mammoth yet, but scientists have managed to clone an extinct species of frog, and an extinct species of goat, 
called the Pyrenean ibex. 



Illustration 309 : Pyrenean ibex 


Unfortunately, cloned animals rarely survive for very long. The ibex lived only for a few minutes after it was 
born, and we had much better tissue samples for these very recently extinct animals. Then we have, even for 
animals that went extinct 50, or 100, years ago, let alone thousands, or millions, of years, we should not count 
on seeing any dinosaurs in our lifetime. We should really be focusing our efforts on protecting the 
living descendants of dinosaurs, the birds, as well as all other of the species alive today, by conserving 
natural resources and protecting the environment. 

5 Learning Objectives 

5.1 Compare Background Extinction To Mass Extinctions 

Species that are still present today are called extant species. Species whose members have all died off are 
called extinct species. Naturally, the number of extant species is only a tiny fraction of the huge number of 
species that are now extinct. As environments gradually change and species evolve and compete, the extinction 
of some species is an inevitable result. At any time in the history of life, it is usual for some species to be going 
extinct. However, certain dramatic environmental changes can trigger the extinction of many species all at 
nearly the same time and across the entire planet. When such a sudden and global loss of species occurs, it is 
called a mass extinction event. 
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Illustration 310 : Modified from a graph of'Family-Level'diversity through time 

It is often referred to as the Sepkoski curve. Newer data has refined the graph somewhat, but the overall pattern still stands. 

Paleontologists generally recognize five major mass extinctions. The End-Ordovician mass extinction affected 
only marine organisms, but at that time, terrestrial organisms had only just begun to evolve. The Late Devonian 
mass extinction was also largely limited to marine organisms, including some early vertebrate clades. As 
discussed in a further lesson, the End-Permian mass extinction saw the largest loss of diversity in all of 
Earth's history. Marine invertebrates were decimated, and this was the largest mass extinction of insects. On 
land, the Synapsida were hard hit, as were the Anapsida (which we have not discussed much in this course, but 
which included large and small herbivores and some aquatic species). The End-Triassic mass extinction saw the 
extinction of most lineages of Pseudosuchia Archosauria, as well as many of the Synapsida that had survived 
the End-Permian extinction, and also affected marine life. 

The last of the 'Big 5' extinctions was the End-Cretaceous. The End-Cretaceous extinction event occurred 
roughly 66,000,000 years ago and killed all non-avian dinosaurs. However, dinosaurs were not the only 
casualties of this extinction. In the oceans, large marine Diapsida, called Mosasauroidea and Plesiosauria, died 
out, as did many varieties of corals, several forms of plankton, and ammonites (relatives of modern squids and 
octopi). pterosaurs went extinct as well. Although birds ultimately survived, many types of Cretaceous birds 
(including Hesperornithes and Enantiornithiform birds) perished. Land plants also lost many species in the 
extinction, and insect diversity fell. 



Illustration 311 : Mosasaurus, a giant marine lizard 


Illustration 312 : Quetzalcoatlus, a giant Pterosauria 




Illustration 313 : Hesperornis, a flightless aquatic bird 

Mammals, turtles, crocodiles, amphibians, and fish all made it through the End-Cretaceous extinction, 
although many of the larger species in all these groups did not. Generally, it seems that large animals and 
photosynthetic organisms were the most likely to die off. Small animals, and particularly those that were 
semiaquatic, had the best chance of surviving. However, not all groups of animals that survived the 
End-Cretaceous extinction are still around today. 
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Illustration 314 : Champosaurus natator 


Champsosaurus are a good example: these crocodile like aquatic Diapsida (completely unrelated to 
crocodilians, and another good example of convergent evolution at work) survived the End-Cretaceous 
mass extinction, only to go extinct during the Early-Miocene (about 20,000,000 years ago). 

Extinct animals do not include only prehistoric species that died out millions of years ago - many species 
have also gone extinct more recently. In some of the most recent examples of extinction, species have been 
eliminated through the actions of humans. For example, the Thylacinus (also called the Tasmanian tiger or 
Tasmanian wolf) was a large carnivorous marsupial that went extinct sometime went the last individual died in 
a zoo in 1936. The Carolina parakeet, the only species of parrot native to the USA, went extinct in 1918. 
Perhaps one of the most famous examples, the passenger pigeon, went extinct in 1914 even though there were 
billions of passenger pigeons only a few decades prior. The extinction of these species was the result of intense 
hunting and habitat loss, both caused by humans. Many animals today are on the verge of extinction, with 
severely depleted populations. Although deliberate hunting does not play as much of a role in the depletion of 
modern animal populations, habitat loss, and pollution are significant contributors to the extinction of 
different species. Based on the current rate of species extinction, many biologists have argued that the Earth is 
presently in the middle of a sixth mass extinction event. This new mass extinction is being brought about by 
sudden global climactic change and large-scale ecosystem destruction and degradation (the results of 
human activities). 

5.2 Describe Geological Features Associated With 
Meteorite Impacts 



Illustration 315 : Tektite specimens 


In 1979, an Italian stratigrapher was studying rock layers at the boundary of the Cretaceous and 
Palaeogene periods and noticed a strange thin layer of grey clay. Later, this same grey layer began to be 
discovered at the Cretaceous / Palaeogene boundary all over the world and in very different formations. Close 
inspection of the grey clay layer revealed that it had high concentrations of Iridium. Iridium (Ir) is a 
rare element on Earth, but it is a common component of meteorites. That was not all; the layer was also rich in 
tektites and shocked quartz. Tektites are tiny pieces of rock that have been melted and then cooled. 
Shocked quartz is a form of the mineral quartz with a unique internal structure that can only be created by 
exposure to a powerful shockwave, like those created by a nuclear explosion or a meteorite impact. 

Both tektites and shocked quartz are telltale signs of a meteorite impact, but to spread Ir, tektites, and 
shocked quartz all across the globe would have required either an enormous shower of large meteorites or... a 
single tremendous meteorite impact. 
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been responsible for the End-Cretaceous 


The search was on for a giant crater. 



Illustration 316 : Chicxulub impact crater (left), geological image (right) 


The pattern formed by the limestone sinkholes called cenotes formed part of a ring. Geological imaging revealed a huge impact crater! 

For many years, no such crater was found. Then, geologists working near the town of Chicxulub in Mexico's 
Yucatan peninsula noticed a peculiar pattern of cenotes, or limestone sinkholes. The cenotes were arranged in 
a crescent shape many miles long. Each end of the crescent seemed to terminate at an edge of the peninsula. 
Investigation revealed that the cenotes were caused by a displaced portion of a limestone layer that had been 
pushed upwards, and that the structure did not actually end at the edges of the peninsula. Instead, it continued 
along the ocean floor and was actually a huge continuous ring over 180 km in diameter. Radiometric dating 
revealed that this massive ring of displaced rock was 66,000,000 years old. The crater made by the meteorite 
responsible for showering the Earth with debris at the end of the Cretaceous had been found. Based on the 
crater's size, it has been calculated that the meteorite that made it must have been 10 kilometers in diameter, 
larger than Mount Everest. 

5.3 Evaluate Competing Hypotheses For The Cause Of The 
End-Cretaceous Extinction 

There have been many ideas put forward to try to explain the cause of the End-Cretaceous extinction. Some 
of these ideas are more plausible than others. It has been suggested that dinosaurs went extinct because 
small mammals began eating all of the dinosaurs' eggs. Not only does this idea not take into consideration the 
fact that mammals and dinosaurs evolved at roughly the same time (and, therefore, dinosaurs had been 
successfully coexisting with small mammals for over 160,000,000 years and laying eggs all the while), but it 
also fails to explain why so many other kinds of organisms died out at the same time. 

It is commonly and incorrectly thought that the Cretaceous Period was immediately followed by an ice age 
and that widespread glaciations and freezing temperatures were responsible for the dinosaurs' demise. While 
average global temperatures did fall after the Cretaceous, this temperature fall was gradual, and it was millions 
of years before a true ice age resulted. 

Some hypotheses are very unlikely, and would be almost impossible to test scientifically. Sometimes you 
may see reports in the media about dinosaurs generating too much Methane from their digestive systems, 
thereby causing climate change - these kinds of news items usually are based on mathematical estimates that 
make many assumptions about dinosaur physiology and ecology. Other ideas, like that the dinosaur's demise 
was caused by a nearby supernova or a viral outbreak, leave little evidence in the fossil record. Moreover, 
remember whatever caused the extinction needed to kill not just a few species of dinosaurs, but all of the 
dinosaurs, and all of the other disparate organisms that went extinct at the same time. 

A massive volcanic outgasing of C0 2 and ash plumes has also been suggested as a possible cause of the 
extinction. This scenario could potentially have affected the global climate enough to have caused the extinction 
of many kinds of organisms, and there is a record of high volcanic activity in the Deccan Traps of India at the 
end of the Cretaceous. 
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The current prevailing theory for the cause of the End-Cretaceous extinction is cosmic. Without a doubt, a 
very large meteorite struck the Earth in the Yucatan peninsula at about the same time we see a mass extinction 
in the fossil record. 

However, how could a single meteorite impact, even a massive one, have killed 
off so many kinds of animal that lived all across the globe? 

The theory goes like this; the initial impact caused huge tsunamis and sent a great cloud of super-heated 
rock and dust high into the atmosphere. The rocks and larger pieces of debris quickly fell to Earth and started 
wildfires. Next smaller pieces of debris began to fall and, as they fell, they were heated by air friction. This rain 
of hot dust raised global temperatures for hours after the impact and cooked alive animals that were too large 
to seek shelter. Small animals that could shelter underground, underwater, or perhaps in caves or large 
tree trunks, may have been able to survive this initial heat blast. 

Finally, much debris would have remained in the atmosphere for perhaps months or even years. The 
residual haze would have reduced sunlight, killing many plants and other photosynthetic organisms, with 
rippling effects up the food chain. Some scientists estimate that photosynthesis may have stopped for at least a 
decade - try to imagine the world surviving without any plants for years at a time! The reduced sunlight may 
also have brought on a sudden drop in global temperatures. Being large active animals with high energy needs 
and positioned at the top of prehistoric food chains, dinosaurs were highly susceptible to this series of 
catastrophes. Smaller, omnivorous terrestrial animals, like mammals, lizards, turtles, or birds, may have been 
able to survive as scavengers feeding on the carcasses of dead dinosaurs, fungi, roots, and decaying 
plant matter, while smaller animals with lower metabolisms were best able to wait the disaster out. 



Illustration 317 : Earth after the Chicxulub impact 


The 'Age of Dinosaurs' has come to an end: in the years following the Chicxulub impact, photosynthesis is reduced, and large herbivores 
have starved. With no more carcasses to scavenge, a lone Tyrannosaurus dies at the edge of a lakeshore. His body will be scavenged by 
members of the two remaining Archosauria lineages: birds and crocodilians. 

The meteorite impact scenario is support by good geological evidence (the impact crater of the right age, 
and the presence of Iridium, tektites, and shocked quartz), and seems to be a reasonable explanation of the 
patterns of extinctions observed in the fossil record. Many animals would have died in the moments and hours 
after the Chicxulub Impactor struck the Earth, either as a result of the shockwaves, tsunamis, forest fires, or 
heating of the atmosphere. In the months and years that followed, food chains collapsed as photosynthesis 
halted. Animals like turtles, Champsosaurus, crocodilians, and small mammals and birds could find shelter 
immediately after the impact, and were not at the top of the food chain, and, therefore, were more likely to 
survive. Unfortunately, most dinosaurs were neither of these things - they were the dominant 
terrestrial herbivores and carnivores, and most (but not all) were too large to find shelter during the impact. 
Today the dinosaurs are represented only by their descendents, the birds. 

5.4 Assess The Likelihood That Dinosaurs Could Be Brought Back 
From Extinction 

Will human eyes ever see a living breathing Tyrannosaurus or Triceratops? 

For those of us living here in the 21 st century, it does not seem likely. You may be familiar with a certain 
Hollywood franchise that popularized the science fiction premise of cloning dinosaurs from discoveries of their 
DNA. Unfortunately, DNA is a delicate substance that quickly breaks down over time. It is extremely unlikely 
that a complete or nearly-complete DNA strand could ever be preserved (even inside the body of a mosquito 
stuck in amber) for 66,000,000 years or more. Some recent discoveries of blood vessels in the Late Cretaceous 
dinosaurs Tyrannosaurus and Brachylophosaurus suggest that soft tissues and potentially even proteins may be 
able to survive this long. However, such material is still a long way from what would be even needed to 
consider cloning a dinosaur. Even if dinosaur DNA was found intact, cloning is a difficult process. Scientists have 
not yet been able to successfully clone even recently extinct animals and have the clone survive for more than a 
few minutes. 
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It might be possible to find more recent dinosaur DNA. Remember that birds are one branch of the dinosaur 
family tree. As such, the DNA of birds contains many of the DNA-sequences of their ancestors (but with many 
of these genes switched off). It has been proposed that a dinosaur could be resurrected by hatching a bird with 
its advanced DNA-sequences turned off and its ancient ancestral sequences turned back on. In this way, 
perhaps a bird would develop with a long bony tail, teeth, and clawed fingers. However, for the moment, 
performing such genetic manipulations is well beyond our understanding and technology. 
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Abelisauridae 

Acetabulum 

Adaptation 

Asthenosphere 

Aetosauria 

Air sac systems 

Air scribe® 

Alfred Wegener 
Amber 

Ambush predators 
Ammonite 

Amniotes 

Anapsida 

Ancestral 

Ankylosauridae 

Antorbital fenestra 
Archaea 

Archean Eon 

Archosauromorpha 

Archosauria 

Arthropoda 

Articulations 

Aves 

Bacteria 

Bearpaw Formation 

Binocular vision 


Glossary 

A group of Ceratosauridae Theropoda that thrived throughout Gondwana during 
the Middle-Jurassic to Late-Cretaceous; characterized by short forelimbs, 
small teeth, and ornamented skulls; examples: Carnotaurus, Majungasaurus, 
Rugops 

Hip socket where the femur inserts; in dinosaurs, it is formed by the ilium, ischium, 
and pubis 

An evolved trait that serves a specific function 

The viscous layer of the upper mantle below the lithosphere; between (roughly) 

80 - 200 km below the Earth's surface 

A group of heavily armored and herbivorous Triassic Archosauria (not dinosaurs); 
examples: Aetosaurus, Desmatosuchus, Stagono/ep/s 

Air filled chambers that store and facilitate the movement of air during respiration; 
well developed in birds and some dinosaurs 

A preparation tool resembling a mini-jackhammer; used for the delicate removal of 
hard rock during the preparation of fossils 

German meteorologist who devised the theory of continental drift 
Fossilized tree resin 

Predators that specialized in sit-and-wait hunting strategies 

A kind of extinct marine cephalopod with a spiral shell; ammonites thrived from the 
Devonian through the Cretaceous, but died out during the 
End-Cretaceous Extinction 

A group of Tetrapoda that lay eggs equipped with a special water-tight 
membrane layer called an amnion 

A group of amniotes that have no skull fenestra; turtles are a modern example; 
note: the validity of this dade is contested among paleontologists 

Primitive; an ancestral trait is one that was present in the ancestors of a group 

Heavily-armored quadrupedal Ornithischia dinosaurs; examples: Ankylosaurus, 
Edmontonia, Polacanthus 

Opening in the skull in front of the orbits; characteristic of Archosauria 

A group of single celled organisms that lack cell nucleuses and membrane-bound 
organelles; the oldest fossil evidence of Archaea dates to 3,800,000,000 years ago 

Division of the geologic timescale from 4 - 2.5 billion years ago; during this time, 
the atmosphere likely lacked free oxygen and stromatolites first appeared 

A group of Diapsida that includes Archosauria and many more primitive groups; 
first evolved during the Late-Permian 

A group of advanced Archosauromorpha Diapsida that includes crocodiles, 
dinosaurs, birds, and many extinct groups; characterized by mandibular and 
antorbital fenestra 

Invertebrate with an exoskeleton, segmented bodies, and jointed appendages; 
account for over 80 % of all known living animal species 

Locations where two or more bones connect 
The dade containing birds 

A large group of microorganisms whose cells lack nuclei; bacteria are thought to be 
among the oldest forms of life and to have first evolved about 4,000,000,000 years 
ago 

A marine shale formation exposed in western North America; formed during the 
time of the Western Interior Cretaceous Seaway (75 - 72 million years ago); 
common fossils include ammonites, shellfish, fish, and marine reptiles 

A special form of sight where the field of vision of two forward pointing eyes 
overlap, granting depth perception; common among flying and arboreal animals 
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Binomial name 

Biological species concept 

Bipedal 

Bivalves 

Bone bed 
Brachiopoda 

Brachiosauridae 


Braincase 

Branches 

Burgess Shale 

Cambrian explosion 

Cambrian Period 
Camouflage 
Carboniferous Period 
Carcharodontosauridae 


Carl Linnaeus 

carnivorous 

Cast 

Caudal vertebrae 
Caudofemoralis 

Cellulose 

Cenotes 

Cenozoic Era 

Ceratopsia 


Ceratosauridae 

Cervical vertebrae 
Champsosaurus 

Character matrix 
Character states 

Chicxulub Impactor 

Clavicle 

Coal 


The two part scientific name of a species; composed of a genus name and a 
species epithet; written in italics 

A group of organisms that can interbreed 
Walks on two legs 

Group of marine and freshwater mollusks with hinged two-part shells and a plane 
of symmetry that runs along the hinge line; examples: clams, oysters, scallops 

A deposit of fossil bones, usually in large quantities 

Group of marine organisms with hinged two-part shells and a plane of symmetry 
that runs perpendicular to the hinge line 

A group of Sauropoda dinosaurs with longer forelimbs than hindlimbs; lived from 
the Late-Jurassic to Early Cretaceous; examples: Brachiosaurus, Europasaurus, 
Giraffatitan 

Part of the skull that encloses the brain 

Lines on a cladogram that show how descendants from a common ancestor 
diverged to become unique species 

Fossil rich deposit in British Columbia, Canada; famous for its exceptional 
preservation of 505 million years old (Cambrian) marine organisms 

The rapid appearance of most of the major animal groups around 540 million years 
ago 

Division of the geologic timescale from 542 - 490 million years ago 
Cryptic adaptations that help an animal to blend in with its environment 
Division of the geologic timescale from 355 - 300 million years ago 

A group of Theropoda dinosaurs with teeth that somewhat resemble those of 
modern sharks; lived during the Late-Jurassic to Late-Cretaceous; examples: 
Giganotosaurus, Carcharodontosaurus, Concavenator 

18 th century Swedish naturalist who created binomial nomenclature 
Meat-eater; feeds on other animals 

A type of fossil that forms when a natural mold becomes filled with sediment 
Vertebrae in the tail 

Hindlimb retractor muscle positioned at the tail base (absent in mammals and 
some birds) 

Tough organic compound that forms plant cell walls 

Sinkhole formed from the collapse of limestone; a circular arrangement of cenotes 
mark the rim of the Chicxulub crater 

Division of the geologic timescale from 66 million years ago to the present; often 
called 'The Age of Mammals' 

Group of Ornithischia dinosaurs characterized by large beaks, facial horns, and 
head frills; lived during the Cretaceous; examples: Triceratops, Centrosaurus, 
Ps/ttacosaurus 

Group of Theropoda dinosaurs not closely related to birds; lived during the Jurassic 
to Cretaceous; examples: Ceratosaurus, Carnotaurus, Limusaurus 

Vertebrae in the neck 

Group of semi-aquatic Diapsida with elongated snouts; lived during the 
Middle-Jurassic to Miocene 

Dataset of anatomical details used in a phylogenetic analysis 

Alternative forms (often presence or absence) of anatomical features recorded in a 
character matrix 

The meteor that formed the Chicxulub crater; estimated to have been at least 
10 km in diameter 

Collarbone; part of the pectoral girdle 

A combustible sedimentary rock that forms from dead vegetation (usually from 
wetland forests) that are deeply buried, heated, and pressurized 
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Coelurosauria Theropoda 

Common ancestor 
Comparative morphology 
Convection currents 

Convergent feature / 
evolution 

Coprolites 

Crests 

Cross-section 

Crust 

Cryptic species 

Cube square law / 
square cube law 


Cursorial 

Cyanobacteria 

Cynodontia 

Database 
Deccan Traps 

Deep Time 
Dental battery 
Dentine 
Derived 
Dermis 

Developmental biology 


Devonian Period 
Diapsida 


Dicynodontia 
Dinosaur Park Formation 


Dinosauria 

Dinosauromorpha 

Dip-nets 

Diplodocidae 


Disarticulate 

DNA 

Dorsal vertebrae 


A group of Theropoda dinosaurs closely related to and including birds; examples: 
Compsognathus, Tyrannosaurus, Velociraptor 

The original species from which two or more new species arose 
The study of physical features across various species 
Currents that form as hotter materials rise and cooler ones sink 

Similar structures that independently evolve in unrelated species because the 
two species are faced with similar survival challenges 

Fossilized fecal remains 

Large cranial ornamentations without a combat function 
The surface that is exposed by making a straight cut through something 
The outermost solid layer of the Earth; between 5 - 25 km thick 
Different species that look the same but do not interbreed 

A mathematical principle that explains the discrepancy in the relative change of 
surface area and volume as an object grows or shrinks; as the size of an object 
increases its volume increase by a factor of three, while its surface area increase by 
only a factor of two 

Adapted for proficient running 

Group of bacteria that generate energy from photosynthesis; formed stromatolites 
beginning in the Archean 

A group of Synapsida that led to modern day mammals; first evolved in the 
Late-Permian 

An organized collection of data 

A large deposit of volcanic rocks in India; formed from massive volcanic eruptions 
60 - 68 million years ago 

The concept of geologic time 

Dense arrangement of teeth found in the jaws of Hadrosauridae and Ceratopsia 
Hard tissue that helps to form teeth 
A new trait that did not exist in an organism's ancestor 
Middle layer of skin 

The study of the process through which organisms grow and develop; focuses on 
understanding cell growth, differentiation, and the formation of tissues, organs, 
and higher anatomy 

Division of the geologic timescale from 420 - 355 million years ago 

A group of amniotes with two pairs of skull fenestra: supratemporal and 
laterotemporal fenestra; includes crocodiles, lizards, snakes, tuataras, dinosaurs, 
birds, and many extinct groups 

A group of herbivorous Synapsida with characteristic tusks and beaks; first evolved 
in Permian and thrived during theTriassic 

Geologic formation in Western Canada with a dense concentration of 
dinosaur skeletons; formed in a lowland fluvial system between 76 - 74 million 
years ago 

A group that contains all dinosaurs, including birds 

A group that contains all dinosaurs and the closely related more-primitive ancestors 
of dinosaurs 

Throat pouch, used to store prey when hunting 

A group of Sauropoda dinosaurs with long necks and long 'whip-like' tails; lived 
during the Middle to Late-Jurassic; examples: Apatosaurus, Diplodocus, 
Supersaurus 

A skeleton that is separated into its various components 
Genetic-code-containing molecule; deoxyribonucleic acid 
Vertebrae in the back 
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Dromaeosauridae 


Durophagy 

Echinoderms 

Ectotherms 

Ediacaran Period 

Embryo 

Enamel 

End-Cretaceous extinction 


Endotherms 

Enantiornithes 

Epidermis 

Epithet 

Erect stance 

Eroded/erosion 

Eumelanosomes 

Exoskeleton 

Extant 

Femur 

Fenestra 

Fibula 

Finite element analysis 

Formation 

Fossil 

Frill 

Frugivore 
Gastric mill 


Genus 

Geographic distribution 
Geologic timescale 

Gigantothermy 

Gondwana 

Gorgonopsia 

GPS 

Graviportal limbs 


A group of Theropoda with an enlarged and sickle-shaped claw on each foot and 
stiffened tails; lived during the Cretaceous Period; examples: Vetociraptor, 
Utahraptor, Deinonychus 

The eating behavior of animals adapted to crush bones 

Group of invertebrates with radial symmetry as adults; examples: starfish/sea stars, 
sea urchins, sea cucumbers 

Animals that do not generate their own internal heat and must regulate their 
body temperature through behavior; commonly called 'cold-blooded animals' 

Division of the geologic timescale from 635 - 541 million years ago; the oldest 
fossil evidence of multicellular life comes from this time 

Unborn organism in the early stages of development 
Tissue that forms the hard outer layer of a tooth 

Mass extinction and the end of the Cretaceous Period (65.6 million years ago); 
generally thought to have resulted primarily from a huge meteorite impact; an 
estimated 75 % of animal and plant species went extinct, including all non-avian 
dinosaurs 

Animals that generate their own internal body heat and can control their 
body temperature metabolically; commonly called 'warm-blooded animals' 

Extinct group of primitive birds that retained teeth and clawed hands, but otherwise 
looked similar to modern birds 

Outer layer of the skin 

Second part of a species binomial name; also called the species epithet 

Stance in which the limbs are held directly under the body 

The process by which rock is worn by wind, water, and other natural processes 

Organelles containing color in feathers 

The external skeleton of an Arthropoda 

Species currently alive 

Upper leg bone 

Opening in the skull that does not house a major sensory organ 
One of the two bones between the knee and ankle; usually the smaller one 
A digital analysis that reports a virtual objects stress to an applied force 
A body of rock composed of a certain rock type or series of types 
Remains, impressions, or other evidence of ancient life 

The backwards protruding structure formed by the expanded parietal and 
squamosal skull bones of Ceratopsia; also called the 'neck shield' 

Herbivore that is specialized to eat fruit 

Muscular pouch in the digestive tract near the stomach that holds swallowed 
stones; as the muscles rub the stones against one another, food passing through 
the mill is ground up, performing the same function as a set of chewing teeth 

Taxonomic rank above species 
Where globally a particular thing exists 

A standardized system that divides the history of the Earth into discrete 
temporal units 

The capacity for large ectothermic animals to maintain a relatively constant 
body temperature because of their low ratio of surface area to volume 

Former supercontinent composed on South America, Australia, Africa, Antarctica, 
Madagascar, and India 

Group of carnivorous Synapsida characterized by sets of elongated fangs; lived 
from the Middle to Late-Permian 

Global Positioning System; uses satellites to provide location information 
Limbs and feet that are columnar and adapted to support great weight 
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Gulf Stream 
Hadean Eon 
Hadrosauridae 


Herbivorous 

Hesperornithes 

Histology 
Holotype 
Humerus 
Igneous rocks 

Iguanodontia 


Incubation 

Inference 

Inner core 
Insectivore 

Integumentary structures 

Interbreed 

Iridescence 

Iridium (Ir) 

Isotope ratio 
Jacket 

Jurassic Period 
Keratin 

Laterotemporal fenestra 
Laurasia 

Lepidosauromorpha 

Limb girdles 
Limestone 

Lines of arrested growth 
(LAGS) 

Lithosphere 

Locomotion 
Long-bone alignment 


Mandibular fenestra 


An ocean current composed of warmed water that flows from the 'Gulf of Mexico' 
to Europe 

Division of the geologic timescale from 4.6 - 4 billion years ago; the first geologic 
Eon 

Advanced group of Ornithopoda dinosaurs with broad beaks and dental batteries; 
commonly called 'duck-billed dinosaurs'; examples: Edmontosaurus, Maiasaura, 
Parasaurolophus 

Eats plants 

Group of toothed Mesozoic birds that were adapted to an aquatic life; most were 
flightless; lived during the Late-Cretaceous 

The study of bone microstructure as it relates to bone growth 
Specimen used to describe and name a new species 
Upper arm bone between the shoulder and elbow 

Rocks that form from the cooling and solidification of magma or lava; one of the 
three basic rock types 

Group of Ornithopoda dinosaurs characterized by spiked thumb claws; lived during 
the Late-Jurassic and Cretaceous; examples: Iguanodon, Camptosaurus, 
Ouranosaurus 

The process of warming eggs; typically through brooding (sitting on eggs) 

Conclusion derived logically from information or an assumption that is presumed to 
be true 

The innermost layer of the Earth; a solid mass composed of Fe and Ni 
An animal that is specially adapted to eat insects 
Structures formed from the skin such as hair, scales, and feathers 
Reproduce with one another 

Property of a surface that causes it to appear to be different colors when viewed at 
different angles 

An element that is rare on Earth, but common in meteorites 

The ratio of a naturally occurring radioactive isotope and its decay products 

Protective and supporting covering for a fossil; generally made of burlap and 
plaster, and used to protect fossils when being transported out of the field 

Division of the geologic timescale from 201 - 145 million years ago; the 
second period of the Mesozoic Era 

Fibrous structural protein that is flexible but relatively durable; major component of 
hair, nails, scales, and feathers 

Paired fenestra on the side of the skull, behind the orbit 

Former super continent comprised of Asia, Europe, and North America 

Group of non-Archosauria Diapsida that includes lizards, snakes, tuatara, and many 
extinct groups 

Arrangements of bone that connect the limbs to the body 

A kind of sedimentary rock that is typically composed of skeletal fragments from 
marine organisms 

A dark band visible in a histological cross-section of a bone that formed during a 
time when the bone was not growing; LAGS are generally assumed to form 
annually in response to regular seasonal periods of food scarcity 

Ridged outermost layer of the Earth; composed of the crust and the upper portion 
of the mantle 

Movement; how an animal walks and runs 

The degree to which the axes of long bones (usually limb bones) share a 
similar orientation within a given deposit; in a fluvial context, long-bone alignment 
is often taken as an indicator of current direction and force 

Fenestra in the lower jaws of Archosauria 
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Mantle 

Marrow cavities 
Marsupial mammals 

Mass spectrometer 

Medullary bone 
Mesozoic Era 


Metabolism 

Metacarpals 

Metamorphic 

Metatarsals 

Meteor 

Meteorites 

Mid-ocean ridge 

Mold 

Mollusks 

Monocular vision 


Morphological species 
concept 

Mosasauroidea 

Mudstone / Shale 

Multituberculata 

Muscle attachment points 

Nares 

Nautiloidea 

Newton 

Nodes 

Non-avian dinosaurs 
Nucleus 

Oldman Formation 
Omnivore 

Ontogenetic changes 
Orbits 

Ordovician Period 


Highly viscous layer of the Earth; layer between the crust and the outer core; 
roughly 2900 km thick 

The hollow spaces inside bones that are filled with marrow 

Mammals that generally give birth to underdeveloped offspring, which then 
continue to develop in a pouch; examples: kangaroos, koalas, wombats 

A device used to analyze the masses of the atoms that comprise a material and 
thereby determine its elemental composition 

Bone that stores Ca in preparation for laying eggs 

Division of the geologic timescale from 252 - 66 million years ago; contains the 
Triassic, Jurassic, and Cretaceous Periods; during this time dinosaurs, birds, and 
mammals evolved; commonly called the 'Age of Dinosaurs' 

The life-sustaining chemical processes within cells 
Bones in the wrist 

A type of rock that forms through the transformation of other rocks under 
extreme heat and pressure; one of the three basic rock types 

Bones in the foot 

The visible light streak from a meteoroid entering Earth's atmosphere 

Pieces of debris that originated in outer space and that survive an impact with 
Earth 

An underwater mountain system that generally includes a central rift valley that 
forms where two tectonic plates are separating 

Cavity that is left after an organism or a portion of an organism is destructed; this 
type of fossil preserves the shape of the organism 

Highly diverse group of invertebrates, many of which possess shells but lack more 
complex Skeletons; examples: snails, clams, squids, sea slugs 

Vision in which the field of vision of one eye does not significantly overlap with the 
field of vision of the other eye; this grants a wider total field of view, but limits 
depth perception; common among prey species 

Concept that defines organisms that look different as belonging to different species 
and organisms that look the same as belonging to the same species 

A group of extinct Lepidosauria that were highly adapted to a marine life; evolved 
in the Late-Cretaceous 

A type of fine-grained sedimentary rock that forms in slow moving water; typical of 
a lake or floodplain deposit 

Group of mammals that evolved and thrived during the Mesozoic and persisted into 
the Palaeogene; skulls and teeth were similar to those of modern rodents 

Areas of a bone where muscles attach 

Holes in the skull through which the nasal passages run 

Group of marine Cephalopoda with chambered shells 

Unit of force equal to the force that would give a 1 kg mass an acceleration of 1 m 
per second per second 

The points on a dadogram that indicate where two lineages shared a 
common ancestor 

All dinosaurs except for birds 

Membrane bound organelle that contains DNA 

Geologic formation in western North America that formed 78 - 77 million years 
ago; the oldest formation exposed in 'Dinosaur Provincial Park' 

A animal that is adapted to eat both plants and animals 
Anatomical changes that occur during an individual's lifetime 
Eye socket 

Division of the geologic timescale from 490 - 440 million years ago; during this 
time the first jawed fish evolved; ended with a mass extinction 
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Ornithischia 


Ornithomimidae 


Ornithopoda 

Osteoderms 

Osteocyte 

Outer core 

Overburden 

Oviducts 

Oviraptoridae 


Pachycephalosauria 

Paleontologist 
Paleontology 
Paleozoic Era 
Pangaea 

Panthalassa 
Paratype / Lectotype 

Parsimony / 

Occam's Razor 


Pectoral girdle 
Pelvic girdle 
Permian Period 

Permineralization 

Perm-Triassic Extinction 


Phalanges 
Phanerozoic Eon 
Phylogenetic analysis 

Phylogenetic tree / 
Cladogram 

Phytoplankton 

Phytosauria 

Pikaia 

Piscivore 

Placentalia 


A group of herbivorous dinosaurs characterized by a predentary bone and a pubis 
that projects backwards; commonly called 'bird-hipped' dinosaurs; examples: 
Triceratops, Stegosaurus, Iguanodon 

Group of herbivorous and possibly omnivorous Theropoda dinosaurs characterized 
by long legs and short beaks; commonly called 'ostrich-mimic' dinosaurs; first 
evolved in the Cretaceous; examples: Gallimimus, Struthiomimus, Ornithomimus 

Group of bipedal or facultative bipedal Ornithischia dinosaurs; examples: 

Iguanodon, Parasaurolophus, Hypsilophodon 

Boney armor that form in the skin 
Bone cell 

Layer of the Earth composed of molten Fe and Ni; roughly 2270 km thick 
The Earthen debris that overlays a bone bed 
Fleshy tubes through which eggs pass when laid 

Group of herbivorous and possibly omnivorous Theropoda dinosaurs characterized 
by beaks and feather tail fans; evolved during the Cretaceous; examples: Oviraptor, 
Gigantoraptor, Caudipteryx 

Group of bipedal Ornithischia dinosaurs characterized by thick and often 
domed skulls; examples: Homalocephale, Pachycephabsaurus, Stegoceras 

A scientist who studies paleontology 
The science of prehistoric life 

Division of the geologic timescale from 542 - 252 million years ago 

Supercontinent, comprised of all the Earth's major landmasses, that formed around 
300 million years ago and began breaking up around 200 million years ago 

The giant ocean that surrounded Pangaea 

A specimen that helps to define a given species; there can be multiple such 
specimens 

The reasoning that the simplest of two or more explanations is most probably 
correct; originally expressed by the philosopher William of Ockham; commonly 
summarized as 'all other things being equal, the simplest answer is usually the 
right one' 

Arrangement of bones that connects the forelimbs to the body 
Arrangement of bones that connects the hindlimbs to the body 

Division of the geologic timescale from 300 - 252 million years ago; ended in a 
mass extinction 

Fossilization processes in which minerals are carried by water into the 
internal spaces of an organism and then solidify 

The single largest mass extinction event in Earth history; occurred 252 million years 
ago and wiped out an estimated 96 % of all marine life and 70 % of all 
terrestrial life 

Bones in the fingers and toes 

Division of the geologic timescale from 542 million years ago to the present 
Analysis of a character matrix that creates a 'family tree' or cladogram 

Diagram that visually depicts the pattern of evolutionary relationships among a 
group of organisms 

Photosynthetic plankton 

Early semi-aquatic carnivorous Archosauria with armored backs and 
elongated snouts that resemble modern crocodiles; lived during the Late-Triassic 

Thought to be one of the oldest known animals with a notochord; lived during the 
Cambrian 

Animal specially adapted to eat fish 

A group of mammals with placentas that give birth to well-developed young; 
examples: bats, humans, whales 
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Planetoid 

Plastic deformation 

Plate tectonics 
Plesiosauria 


Poposauroidea 

Predentary 

Perforated acetabulum 
Preservation styles 
Prestosuchidae 

Principle of superposition 

Proterozoic Eon 
Proto-mammals 
Pseudosuchia 

Pterosauria 


Quadrupedal 

Quarry 

Radioactive isotopes 

Radiometric dating 
Radius 

Rauisuchidae 

Recurved 

Resorption 

Retractable claw 
RNA 

Rule of priority 
Sacral vertebrae 
Sandstone 


Sarcopterygii 


Saurischia 

Sauropodomorpha 


Large astronomical object in orbit around a sun that is smaller than a true plant 

Taphonomic alteration to the shape of a fossil that does not result in fracture or 
breakage; usually the result of prolonged exposure to pressure 

Scientific theory that explains and describes the motion of the Earth's lithosphere 

A group of Diapsida, specially adapted to a marine life; lived during the 
Early-Jurassic to Late Cretaceous; examples: Dolichorhynchops, E/asmosaurus, 
Kronosaurus 

Group of Rauisuchidae that lived during the Late-Triassic; examples: Arizonasaurus, 
Effigia, Poposaurus 

Bone that forms the beak in the lower jaws of Ornithischia dinosaurs 

Hip socket that is a complete hole (like a doughnut); characteristic of dinosaurs 

Ways in which an organism can be preserved as a fossil 

Group of large carnivorous Archosauria that lived during the Middle and 
Late-Triassic; examples: Decuriasuchus, Prestosuchus, Saurosuchus 

The basic principle of stratigraphy that, when sedimentary layers are horizontal, the 
oldest layer will be on bottom with progressively younger layers above it 

Division of the geologic timescale from 2.5 billion years to 542 million years ago 
Group of earliest relatives and ancestors of mammals 

Group of Archosauria that includes modern crocodilians and all Archosauria more 
closely related to crocodilians than to birds; 'crocodile-line'Archosauria 

Group of flying Archosauria closely related to dinosaurs; lived during the 
Late-Triassic to the Cretaceous; the first group of vertebrates to evolve flight; 
commonly called 'pterodactyls'; examples: Pteranodon, Quetzalcoatlus, 
Rhamphorhynchus 

Walks on four legs 

An open pit where a bone bed is exposed 

Variations of an element that differ in the number of neutrons; has a specific 
half-life or rate of decay 

The use of isotopic ratios to calculate age of a rock 

One of two bones in the forearm between the wrist and elbow, usually the smaller 
one 

Group of carnivorous Triassic Archosauria; examples: Faso/asuchus, Heptasuchus, 
Postosuchus 

Strongly curved / hooked 

When bone is broken down while an animal is alive, and the minerals are 
transferred back into the blood 

A claw that can be pulled back 

Single-stranded chain of nucleotides that is critical to variety of functions 
surrounding the expression of genetic codes; ribonucleic acid 

The first name formally given to an organism is the one that stands 
Vertebrae in the sacrum / pelvis 

A type of sedimentary rock composed of sand-sized grains; typically forms in 
fast moving water such as in rivers, or in alluvial fans, lakes, deserts, beaches, or 
tidal flats 

A group of bony fish with muscular lobed fins; it is from this group that Tetrapoda 
evolved, so all Tetrapoda are technically considered to be a part of this group; 
examples: coelacanths, lungfish, humans 

A group of dinosaurs characterized by a pubis that points forward, commonly called 
'the lizard-hipped' dinosaurs; examples: Apatosaurus, P/ateosaurus, Tyrannosaurus 

A group of Saurischia dinosaurs characterized by elongated necks; includes 
Sauropoda and Plateosauridae; examples: Apatosaurus, Brachiosaurus, 

P/ateosaurus 
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Sauropoda 


Scapula 

Scavengers 

Sedimentary 

Serrations 
Sexual dimorphism 

Shared derived character 
/ synapomorphy 

Shed teeth 

Shocked quartz 

Silurian Period 
Social predators 
Solitary hunters 
Species 
Sponges 

Sprawling stance 

Stagnant 

Stegosauria 


Stratigraphic column 

Stratigraphy 

Subduction 

Supernova 

Supratemporal fenestra 
Surface area 
Synapsida 

Taphonomy 

Taxonomy 

Tektites 

Terrestrial 


A group of quadrupedal herbivorous Saurischia dinosaurs characterized by 
elongated necks and large size; commonly called 'the long-neck' dinosaurs; 
examples: Apatosaurus, Argentinosaurus, Brachiosaurus 

Shoulder blade 

Animal specially adapted to find and eat dead animals 

A type of rock that forms from particles of other rocks that have become cemented 
together; one of the three basic rock types 

Small projections on the blade of a tooth that form a saw-like cutting edge 
Differences between males and females of a given species 

Characteristic common to the members of a phylogenetic group and not present in 
more primitive ancestral species outside the group; character that defines a 
phylogenetic group 

Teeth that have fallen out after their roots have been reabsorbed; typically teeth 
are shed as new replacement teeth grow in 

Quartz whose internal structure has deformed due to intense pressure; known to 
be produced from the shockwaves of atomic blasts and meteorite impacts 

Division of the geologic timescale from 440 - 420 million years ago 
Predators that hunt in a group 
Predators that hunt alone 

A group of organisms that can interbreed and produce fertile offspring 
A group of primitive sessile marine animals with porous bodies 

Stance in which the limbs project sideways from the body at an angle, rather than 
straight down 

Non-moving water 

A group of quadrupedal Ornithischia dinosaurs characterized by tall bony plates 
along the midline of the back and boney spikes on the end of the tail; commonly 
called 'the spike-tailed' dinosaurs; examples: Stegosaurus, Centrosaurus, Miragaia 

Geologic diagram that illustrates a sequence of rock layers, with the oldest at the 
bottom and the youngest at the top; often illustrates the thicknesses of each layer 

Branch of geology that studies rock layers 

The movement of one tectonic plate under another at a convergent 
plate boundary; typically an oceanic plate moving under a continental plate 

A highly energetic explosion of a star 
Fenestra on the top of the skull; found in Diapsida 
The two dimensional area of a surface 

A group of amniotes with only one pair of fenestra; includes mammals and their 
extinct close relatives 

The study of how organisms decay and become fossilized 
The science of classifying organisms 

Earthly debris that was superheated by a meteorite impact and cooled to form a 
natural glass 

Lives on land 


Tetrapoda 

Therizinosauria 


Theropoda 


A group of vertebrates that all descended from a common ancestor with four limbs; 
examples: amphibians, reptiles, mammals, dinosaurs 

A group of herbivorous and possibly omnivorous Theropoda dinosaurs 
characterized by long necks, elongated forelimbs, elongated hand claws, and four 
forward-directed toes; lived during the Cretaceous; examples: Therizinosaurus, 
Segnosaurus, Falcarius 

A group of bipedal Saurischia dinosaurs; includes birds, all carnivorous dinosaurs 
and some herbivorous dinosaurs; examples: Sp/nosaurus, Tyrannosaurus, 
Ve/ociraptor 
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Tibia 

Titanosauria 


Triassic Period 


Trilobites 

Ulna 

Uniform 

Vertebrae 

Vertebrata / Vertebrates 
Vigilance 

Yucatan peninsula 


One of two bones in the lower leg, between the knee and ankle; usually the larger 
one 

Group of advanced Sauropoda dinosaurs; lived during the Late-Jurassic to 
Late-Cretaceous; globally distributed but most abundant in Gondwana; examples: 
Argentinosaurus , Saltasaurus, Alamosaurus 

A division of the geologic timescale from 252 - 200 million years ago; first period in 
of the Mesozoic Era; the start and end are marked by mass extinctions; dinosaurs 
and mammals first appeared in the Late-Triassic 

Extinct group of marine arthropods; first evolved during the Cambrian and died out 
at the End-Permian Mass Extinction 

One of two bones in the forearm, between the elbow and wrist; usually the larger 
one 

Term that describes a sedimentary rock comprised of particles of the same size 
Bones that connect to form the spinal column; commonly called 'back bones' 

A group of animals that possess vertebrae 
Alertness to potential predators 

Peninsula in southeast Mexico; separates the Gulf of Mexico from the 
Caribbean Sea 
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2 List of Videos 

Video 1 : Fossil preparation.47 

Video 2 : Demonstration of plate tectonic.163 

Video 3 : Continental drift.163 

Video 4 : 'Ghost Ranch Quarry' (Portion).192 
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